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§ Postdoctoral Research Associate, Los Alamos National Laboratory

§ Research interests 
— Quantum Alternating Operator Ansatz (QAOA),

including initial state preparation and the design, compilation and analysis of 
mixing operators and phase-separation operators; 

— Quantum Annealing with D-Wave,
including classical preprocessing and graph embedding tasks. 

§ PhD Computer Science, ETH Zurich

Guest Lecturer Dr. Andreas Baertschi

Dr. Baertschi’s lectures are co-sponsored by the Advanced Simulation and 
Computing Program (LANL) and the Center for Applied Scientific Computing 
(LLNL).

https://cnls.lanl.gov/External/people/Andreas_Baertschi.php

https://cnls.lanl.gov/External/people/Andreas_Baertschi.php
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Theory (Slides) and Practice (Quirk)
https://cnls.lanl.gov/~baertschi/QCA/
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<latexit sha1_base64="AiMSc79JUgUeHhh/v26/Has4MSg=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiCIUyUwVFEApuXFawF+iUkkkzbWgmMyYZoUz7IG58FTcuFHHjQvBtTNsRtPWHwMd/zklyfi/iTGnb/rIyS8srq2vZ9dzG5tb2Tn53r67CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A1qTfuqVQsFLd6GNF2gHuC+YxgbaxO/mRUdCUWPU7RxSVyfYlJMrJ/rCIaOSmPE1fdSZ2Ux+NOvmCX7KnQIjgpFCBVtZP/cLshiQMqNOFYqZZjR7qdYKkZMTfn3FjRCJMB7tGWQYEDqtrJdLkxOjJOF/mhNEdoNHV/TyQ4UGoYeKYzwLqv5msT879aK9b+eTthIoo1FWT2kB9zpEM0SQp1maRE86EBTCQzf0Wkj01A2uSZMyE48ysvQr1ccuySc3NaqJTTOLJwAIdwDA6cQQWuoQo1IPAAT/ACr9aj9Wy9We+z1oyVzuzDH1mf3zyGoXI=</latexit><latexit sha1_base64="AiMSc79JUgUeHhh/v26/Has4MSg=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiCIUyUwVFEApuXFawF+iUkkkzbWgmMyYZoUz7IG58FTcuFHHjQvBtTNsRtPWHwMd/zklyfi/iTGnb/rIyS8srq2vZ9dzG5tb2Tn53r67CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A1qTfuqVQsFLd6GNF2gHuC+YxgbaxO/mRUdCUWPU7RxSVyfYlJMrJ/rCIaOSmPE1fdSZ2Ux+NOvmCX7KnQIjgpFCBVtZP/cLshiQMqNOFYqZZjR7qdYKkZMTfn3FjRCJMB7tGWQYEDqtrJdLkxOjJOF/mhNEdoNHV/TyQ4UGoYeKYzwLqv5msT879aK9b+eTthIoo1FWT2kB9zpEM0SQp1maRE86EBTCQzf0Wkj01A2uSZMyE48ysvQr1ccuySc3NaqJTTOLJwAIdwDA6cQQWuoQo1IPAAT/ACr9aj9Wy9We+z1oyVzuzDH1mf3zyGoXI=</latexit><latexit sha1_base64="AiMSc79JUgUeHhh/v26/Has4MSg=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiCIUyUwVFEApuXFawF+iUkkkzbWgmMyYZoUz7IG58FTcuFHHjQvBtTNsRtPWHwMd/zklyfi/iTGnb/rIyS8srq2vZ9dzG5tb2Tn53r67CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A1qTfuqVQsFLd6GNF2gHuC+YxgbaxO/mRUdCUWPU7RxSVyfYlJMrJ/rCIaOSmPE1fdSZ2Ux+NOvmCX7KnQIjgpFCBVtZP/cLshiQMqNOFYqZZjR7qdYKkZMTfn3FjRCJMB7tGWQYEDqtrJdLkxOjJOF/mhNEdoNHV/TyQ4UGoYeKYzwLqv5msT879aK9b+eTthIoo1FWT2kB9zpEM0SQp1maRE86EBTCQzf0Wkj01A2uSZMyE48ysvQr1ccuySc3NaqJTTOLJwAIdwDA6cQQWuoQo1IPAAT/ACr9aj9Wy9We+z1oyVzuzDH1mf3zyGoXI=</latexit><latexit sha1_base64="AiMSc79JUgUeHhh/v26/Has4MSg=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiCIUyUwVFEApuXFawF+iUkkkzbWgmMyYZoUz7IG58FTcuFHHjQvBtTNsRtPWHwMd/zklyfi/iTGnb/rIyS8srq2vZ9dzG5tb2Tn53r67CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A1qTfuqVQsFLd6GNF2gHuC+YxgbaxO/mRUdCUWPU7RxSVyfYlJMrJ/rCIaOSmPE1fdSZ2Ux+NOvmCX7KnQIjgpFCBVtZP/cLshiQMqNOFYqZZjR7qdYKkZMTfn3FjRCJMB7tGWQYEDqtrJdLkxOjJOF/mhNEdoNHV/TyQ4UGoYeKYzwLqv5msT879aK9b+eTthIoo1FWT2kB9zpEM0SQp1maRE86EBTCQzf0Wkj01A2uSZMyE48ysvQr1ccuySc3NaqJTTOLJwAIdwDA6cQQWuoQo1IPAAT/ACr9aj9Wy9We+z1oyVzuzDH1mf3zyGoXI=</latexit>

|�i := |0i � |1ip
2

<latexit sha1_base64="n028ue3KKLokzvVy8ip7PVx1DfQ=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiuGmZqYIiCAU3LivYC3RKyaSZNjSTGZOMUKZ9EDe+ihsXirhxIfg2pu0I2vpD4OM/5yQ5vxdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7ia1Bv3VCoWils9jGg7wD3BfEawNlYnfzIquhKLHqfo4hK5vsQkGdk/VhGNnJTHiavupE7K43EnX7BL9lRoEZwUCpCq2sl/uN2QxAEVmnCsVMuxI91OsNSMmJtzbqxohMkA92jLoMABVe1kutwYHRmni/xQmiM0mrq/JxIcKDUMPNMZYN1X87WJ+V+tFWv/vJ0wEcWaCjJ7yI850iGaJIW6TFKi+dAAJpKZvyLSxyYgbfLMmRCc+ZUXoV4uOXbJuTktVMppHFk4gEM4BgfOoALXUIUaEHiAJ3iBV+vRerberPdZa8ZKZ/bhj6zPb0MioXY=</latexit><latexit sha1_base64="n028ue3KKLokzvVy8ip7PVx1DfQ=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiuGmZqYIiCAU3LivYC3RKyaSZNjSTGZOMUKZ9EDe+ihsXirhxIfg2pu0I2vpD4OM/5yQ5vxdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7ia1Bv3VCoWils9jGg7wD3BfEawNlYnfzIquhKLHqfo4hK5vsQkGdk/VhGNnJTHiavupE7K43EnX7BL9lRoEZwUCpCq2sl/uN2QxAEVmnCsVMuxI91OsNSMmJtzbqxohMkA92jLoMABVe1kutwYHRmni/xQmiM0mrq/JxIcKDUMPNMZYN1X87WJ+V+tFWv/vJ0wEcWaCjJ7yI850iGaJIW6TFKi+dAAJpKZvyLSxyYgbfLMmRCc+ZUXoV4uOXbJuTktVMppHFk4gEM4BgfOoALXUIUaEHiAJ3iBV+vRerberPdZa8ZKZ/bhj6zPb0MioXY=</latexit><latexit sha1_base64="n028ue3KKLokzvVy8ip7PVx1DfQ=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiuGmZqYIiCAU3LivYC3RKyaSZNjSTGZOMUKZ9EDe+ihsXirhxIfg2pu0I2vpD4OM/5yQ5vxdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7ia1Bv3VCoWils9jGg7wD3BfEawNlYnfzIquhKLHqfo4hK5vsQkGdk/VhGNnJTHiavupE7K43EnX7BL9lRoEZwUCpCq2sl/uN2QxAEVmnCsVMuxI91OsNSMmJtzbqxohMkA92jLoMABVe1kutwYHRmni/xQmiM0mrq/JxIcKDUMPNMZYN1X87WJ+V+tFWv/vJ0wEcWaCjJ7yI850iGaJIW6TFKi+dAAJpKZvyLSxyYgbfLMmRCc+ZUXoV4uOXbJuTktVMppHFk4gEM4BgfOoALXUIUaEHiAJ3iBV+vRerberPdZa8ZKZ/bhj6zPb0MioXY=</latexit><latexit sha1_base64="n028ue3KKLokzvVy8ip7PVx1DfQ=">AAACHHicbZDLSgMxFIbP1Futt6pLN8EiuGmZqYIiCAU3LivYC3RKyaSZNjSTGZOMUKZ9EDe+ihsXirhxIfg2pu0I2vpD4OM/5yQ5vxdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7ia1Bv3VCoWils9jGg7wD3BfEawNlYnfzIquhKLHqfo4hK5vsQkGdk/VhGNnJTHiavupE7K43EnX7BL9lRoEZwUCpCq2sl/uN2QxAEVmnCsVMuxI91OsNSMmJtzbqxohMkA92jLoMABVe1kutwYHRmni/xQmiM0mrq/JxIcKDUMPNMZYN1X87WJ+V+tFWv/vJ0wEcWaCjJ7yI850iGaJIW6TFKi+dAAJpKZvyLSxyYgbfLMmRCc+ZUXoV4uOXbJuTktVMppHFk4gEM4BgfOoALXUIUaEHiAJ3iBV+vRerberPdZa8ZKZ/bhj6zPb0MioXY=</latexit>

|0i =
✓
1
0

◆
|1i =

✓
0
1

◆

<latexit sha1_base64="XMTtWHJ3iidI7f65jFc5DR4xCZU="></latexit><latexit sha1_base64="XMTtWHJ3iidI7f65jFc5DR4xCZU="></latexit><latexit sha1_base64="XMTtWHJ3iidI7f65jFc5DR4xCZU="></latexit><latexit sha1_base64="XMTtWHJ3iidI7f65jFc5DR4xCZU="></latexit>
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Single Qubit Gates

X =

✓
0 1
1 0

◆

<latexit sha1_base64="8bHYmB1cv48stDUIFh8SFmXEA8s=">AAACGXicbVDLSgMxFM3UV62vUZdugsXiQsqMCLoRCm5cVrAP6Awlk7ltQzOZIcmIZehvuPFX3LhQxKWu/BvTdhBtPZBwcs695N4TJJwp7ThfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxheTfzWHUjFYnGrRwn4EekL1mOUaCN1baeNL7EXQJ+JLImIlux+jB1cwS72PHNVzMMDEf6YXbvsVJ0p8CJxc1JGOepd+8MLY5pGIDTlRKmO6yTaz4jUjHIYl7xUQULokPShY6ggESg/m242xkdGCXEvluYIjafq746MREqNosBUmvkGat6biP95nVT3LvyMiSTVIOjso17KsY7xJCYcMglU85EhhEpmZsV0QCSh2oRZMiG48ysvkuZp1XWq7s1ZuXaSx1FEB+gQHSMXnaMaukZ11EAUPaAn9IJerUfr2Xqz3melBSvv2Ud/YH1+A2QTnf4=</latexit><latexit sha1_base64="8bHYmB1cv48stDUIFh8SFmXEA8s=">AAACGXicbVDLSgMxFM3UV62vUZdugsXiQsqMCLoRCm5cVrAP6Awlk7ltQzOZIcmIZehvuPFX3LhQxKWu/BvTdhBtPZBwcs695N4TJJwp7ThfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxheTfzWHUjFYnGrRwn4EekL1mOUaCN1baeNL7EXQJ+JLImIlux+jB1cwS72PHNVzMMDEf6YXbvsVJ0p8CJxc1JGOepd+8MLY5pGIDTlRKmO6yTaz4jUjHIYl7xUQULokPShY6ggESg/m242xkdGCXEvluYIjafq746MREqNosBUmvkGat6biP95nVT3LvyMiSTVIOjso17KsY7xJCYcMglU85EhhEpmZsV0QCSh2oRZMiG48ysvkuZp1XWq7s1ZuXaSx1FEB+gQHSMXnaMaukZ11EAUPaAn9IJerUfr2Xqz3melBSvv2Ud/YH1+A2QTnf4=</latexit><latexit sha1_base64="8bHYmB1cv48stDUIFh8SFmXEA8s=">AAACGXicbVDLSgMxFM3UV62vUZdugsXiQsqMCLoRCm5cVrAP6Awlk7ltQzOZIcmIZehvuPFX3LhQxKWu/BvTdhBtPZBwcs695N4TJJwp7ThfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxheTfzWHUjFYnGrRwn4EekL1mOUaCN1baeNL7EXQJ+JLImIlux+jB1cwS72PHNVzMMDEf6YXbvsVJ0p8CJxc1JGOepd+8MLY5pGIDTlRKmO6yTaz4jUjHIYl7xUQULokPShY6ggESg/m242xkdGCXEvluYIjafq746MREqNosBUmvkGat6biP95nVT3LvyMiSTVIOjso17KsY7xJCYcMglU85EhhEpmZsV0QCSh2oRZMiG48ysvkuZp1XWq7s1ZuXaSx1FEB+gQHSMXnaMaukZ11EAUPaAn9IJerUfr2Xqz3melBSvv2Ud/YH1+A2QTnf4=</latexit><latexit sha1_base64="8bHYmB1cv48stDUIFh8SFmXEA8s=">AAACGXicbVDLSgMxFM3UV62vUZdugsXiQsqMCLoRCm5cVrAP6Awlk7ltQzOZIcmIZehvuPFX3LhQxKWu/BvTdhBtPZBwcs695N4TJJwp7ThfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxheTfzWHUjFYnGrRwn4EekL1mOUaCN1baeNL7EXQJ+JLImIlux+jB1cwS72PHNVzMMDEf6YXbvsVJ0p8CJxc1JGOepd+8MLY5pGIDTlRKmO6yTaz4jUjHIYl7xUQULokPShY6ggESg/m242xkdGCXEvluYIjafq746MREqNosBUmvkGat6biP95nVT3LvyMiSTVIOjso17KsY7xJCYcMglU85EhhEpmZsV0QCSh2oRZMiG48ysvkuZp1XWq7s1ZuXaSx1FEB+gQHSMXnaMaukZ11EAUPaAn9IJerUfr2Xqz3melBSvv2Ud/YH1+A2QTnf4=</latexit>

Z =

✓
1 0
0 �1

◆

<latexit sha1_base64="YeFxdEy0cYEMr4nDAIgLhCUZwC8=">AAACGnicbVDLSgMxFM3UV62vUZdugsXiQstEBN0IBTcuK9gHdkrJpLdtaCYzJBmxDP0ON/6KGxeKuBM3/o3pA9HWAwmHc+7l3nuCWHBtPO/LySwsLi2vZFdza+sbm1vu9k5VR4liUGGRiFQ9oBoEl1Ax3AioxwpoGAioBf3LkV+7A6V5JG/MIIZmSLuSdzijxkotl9ziC+wH0OUyjUNqFL8fYoIL2MO+b78CPibYB9n+cVtu3it6Y+B5QqYkj6Yot9wPvx2xJARpmKBaN4gXm2ZKleFMwDDnJxpiyvq0Cw1LJQ1BN9PxaUN8YJU27kTKPmnwWP3dkdJQ60EY2Eq7X0/PeiPxP6+RmM55M+UyTgxINhnUSQQ2ER7lhNtcATNiYAllittdMetRRZmxaeZsCGT25HlSPSkSr0iuT/Olo2kcWbSH9tEhIugMldAVKqMKYugBPaEX9Oo8Os/Om/M+Kc04055d9AfO5zfdW543</latexit><latexit sha1_base64="YeFxdEy0cYEMr4nDAIgLhCUZwC8=">AAACGnicbVDLSgMxFM3UV62vUZdugsXiQstEBN0IBTcuK9gHdkrJpLdtaCYzJBmxDP0ON/6KGxeKuBM3/o3pA9HWAwmHc+7l3nuCWHBtPO/LySwsLi2vZFdza+sbm1vu9k5VR4liUGGRiFQ9oBoEl1Ax3AioxwpoGAioBf3LkV+7A6V5JG/MIIZmSLuSdzijxkotl9ziC+wH0OUyjUNqFL8fYoIL2MO+b78CPibYB9n+cVtu3it6Y+B5QqYkj6Yot9wPvx2xJARpmKBaN4gXm2ZKleFMwDDnJxpiyvq0Cw1LJQ1BN9PxaUN8YJU27kTKPmnwWP3dkdJQ60EY2Eq7X0/PeiPxP6+RmM55M+UyTgxINhnUSQQ2ER7lhNtcATNiYAllittdMetRRZmxaeZsCGT25HlSPSkSr0iuT/Olo2kcWbSH9tEhIugMldAVKqMKYugBPaEX9Oo8Os/Om/M+Kc04055d9AfO5zfdW543</latexit><latexit sha1_base64="YeFxdEy0cYEMr4nDAIgLhCUZwC8=">AAACGnicbVDLSgMxFM3UV62vUZdugsXiQstEBN0IBTcuK9gHdkrJpLdtaCYzJBmxDP0ON/6KGxeKuBM3/o3pA9HWAwmHc+7l3nuCWHBtPO/LySwsLi2vZFdza+sbm1vu9k5VR4liUGGRiFQ9oBoEl1Ax3AioxwpoGAioBf3LkV+7A6V5JG/MIIZmSLuSdzijxkotl9ziC+wH0OUyjUNqFL8fYoIL2MO+b78CPibYB9n+cVtu3it6Y+B5QqYkj6Yot9wPvx2xJARpmKBaN4gXm2ZKleFMwDDnJxpiyvq0Cw1LJQ1BN9PxaUN8YJU27kTKPmnwWP3dkdJQ60EY2Eq7X0/PeiPxP6+RmM55M+UyTgxINhnUSQQ2ER7lhNtcATNiYAllittdMetRRZmxaeZsCGT25HlSPSkSr0iuT/Olo2kcWbSH9tEhIugMldAVKqMKYugBPaEX9Oo8Os/Om/M+Kc04055d9AfO5zfdW543</latexit><latexit sha1_base64="YeFxdEy0cYEMr4nDAIgLhCUZwC8=">AAACGnicbVDLSgMxFM3UV62vUZdugsXiQstEBN0IBTcuK9gHdkrJpLdtaCYzJBmxDP0ON/6KGxeKuBM3/o3pA9HWAwmHc+7l3nuCWHBtPO/LySwsLi2vZFdza+sbm1vu9k5VR4liUGGRiFQ9oBoEl1Ax3AioxwpoGAioBf3LkV+7A6V5JG/MIIZmSLuSdzijxkotl9ziC+wH0OUyjUNqFL8fYoIL2MO+b78CPibYB9n+cVtu3it6Y+B5QqYkj6Yot9wPvx2xJARpmKBaN4gXm2ZKleFMwDDnJxpiyvq0Cw1LJQ1BN9PxaUN8YJU27kTKPmnwWP3dkdJQ60EY2Eq7X0/PeiPxP6+RmM55M+UyTgxINhnUSQQ2ER7lhNtcATNiYAllittdMetRRZmxaeZsCGT25HlSPSkSr0iuT/Olo2kcWbSH9tEhIugMldAVKqMKYugBPaEX9Oo8Os/Om/M+Kc04055d9AfO5zfdW543</latexit>

Y =

✓
0 �i
i 0

◆

<latexit sha1_base64="0qcm/wEx6cjIhGxWPCSDsn9ign4=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyKCy2JCLoRCm5cVrAXaUKZTE7aoZNJmJmIJfQ53Pgqblwo4k7c+DZOL4i2Hhj4+P9zmHP+IOVMacf5submFxaXlgsrxdW19Y1Ne2u7rpJMUqjRhCeyGRAFnAmoaaY5NFMJJA44NILe5dBv3IFULBE3up+CH5OOYBGjRBupbbu3+AJ7AXSYyNOYaMnuB9jBB/iYYc/DzJCDPRDhj9u2S07ZGRWeBXcCJTSpatv+8MKEZjEITTlRquU6qfZzIjWjHAZFL1OQEtojHWgZFCQG5eej0wZ43yghjhJpntB4pP6eyEmsVD8OTKfZr6umvaH4n9fKdHTu50ykmQZBxx9FGcc6wcOccMgkUM37BgiVzOyKaZdIQrVJs2hCcKdPnoX6Sdl1yu71aalyNImjgHbRHjpELjpDFXSFqqiGKHpAT+gFvVqP1rP1Zr2PW+esycwO+lPW5zeORJ6m</latexit><latexit sha1_base64="0qcm/wEx6cjIhGxWPCSDsn9ign4=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyKCy2JCLoRCm5cVrAXaUKZTE7aoZNJmJmIJfQ53Pgqblwo4k7c+DZOL4i2Hhj4+P9zmHP+IOVMacf5submFxaXlgsrxdW19Y1Ne2u7rpJMUqjRhCeyGRAFnAmoaaY5NFMJJA44NILe5dBv3IFULBE3up+CH5OOYBGjRBupbbu3+AJ7AXSYyNOYaMnuB9jBB/iYYc/DzJCDPRDhj9u2S07ZGRWeBXcCJTSpatv+8MKEZjEITTlRquU6qfZzIjWjHAZFL1OQEtojHWgZFCQG5eej0wZ43yghjhJpntB4pP6eyEmsVD8OTKfZr6umvaH4n9fKdHTu50ykmQZBxx9FGcc6wcOccMgkUM37BgiVzOyKaZdIQrVJs2hCcKdPnoX6Sdl1yu71aalyNImjgHbRHjpELjpDFXSFqqiGKHpAT+gFvVqP1rP1Zr2PW+esycwO+lPW5zeORJ6m</latexit><latexit sha1_base64="0qcm/wEx6cjIhGxWPCSDsn9ign4=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyKCy2JCLoRCm5cVrAXaUKZTE7aoZNJmJmIJfQ53Pgqblwo4k7c+DZOL4i2Hhj4+P9zmHP+IOVMacf5submFxaXlgsrxdW19Y1Ne2u7rpJMUqjRhCeyGRAFnAmoaaY5NFMJJA44NILe5dBv3IFULBE3up+CH5OOYBGjRBupbbu3+AJ7AXSYyNOYaMnuB9jBB/iYYc/DzJCDPRDhj9u2S07ZGRWeBXcCJTSpatv+8MKEZjEITTlRquU6qfZzIjWjHAZFL1OQEtojHWgZFCQG5eej0wZ43yghjhJpntB4pP6eyEmsVD8OTKfZr6umvaH4n9fKdHTu50ykmQZBxx9FGcc6wcOccMgkUM37BgiVzOyKaZdIQrVJs2hCcKdPnoX6Sdl1yu71aalyNImjgHbRHjpELjpDFXSFqqiGKHpAT+gFvVqP1rP1Zr2PW+esycwO+lPW5zeORJ6m</latexit><latexit sha1_base64="0qcm/wEx6cjIhGxWPCSDsn9ign4=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyKCy2JCLoRCm5cVrAXaUKZTE7aoZNJmJmIJfQ53Pgqblwo4k7c+DZOL4i2Hhj4+P9zmHP+IOVMacf5submFxaXlgsrxdW19Y1Ne2u7rpJMUqjRhCeyGRAFnAmoaaY5NFMJJA44NILe5dBv3IFULBE3up+CH5OOYBGjRBupbbu3+AJ7AXSYyNOYaMnuB9jBB/iYYc/DzJCDPRDhj9u2S07ZGRWeBXcCJTSpatv+8MKEZjEITTlRquU6qfZzIjWjHAZFL1OQEtojHWgZFCQG5eej0wZ43yghjhJpntB4pP6eyEmsVD8OTKfZr6umvaH4n9fKdHTu50ykmQZBxx9FGcc6wcOccMgkUM37BgiVzOyKaZdIQrVJs2hCcKdPnoX6Sdl1yu71aalyNImjgHbRHjpELjpDFXSFqqiGKHpAT+gFvVqP1rP1Zr2PW+esycwO+lPW5zeORJ6m</latexit>

Pauli

H =
1p
2

✓
1 1
1 �1

◆

<latexit sha1_base64="Gpsd6AvMe/UVmVtUkmcez0Q7gFs="></latexit><latexit sha1_base64="Gpsd6AvMe/UVmVtUkmcez0Q7gFs="></latexit><latexit sha1_base64="Gpsd6AvMe/UVmVtUkmcez0Q7gFs="></latexit><latexit sha1_base64="Gpsd6AvMe/UVmVtUkmcez0Q7gFs="></latexit>

S =

✓
1 0
0 ei⇡/2

◆

<latexit sha1_base64="R/nPyEN0onMkDz2iCRKVWATgzd0=">AAACI3icbVBNSwMxEM36bf2qevQyWCwepO4WQREEwYvHilaF7lqy2WkNzWaXJCuWpf/Fi3/FiwelePHgfzGtRbQ6kPB47w0z88JUcG1c992ZmJyanpmdmy8sLC4trxRX1y51kimGdZaIRF2HVKPgEuuGG4HXqUIahwKvws7JQL+6Q6V5Ii9MN8Ugpm3JW5xRY6lm8fAcjsAPsc1lnsbUKH7fAw/K4ILv268MeJNz8FO+W+2BjzL6tjWLJbfiDgv+Am8ESmRUtWax70cJy2KUhgmqdcNzUxPkVBnOBPYKfqYxpaxD29iwUNIYdZAPb+zBlmUiaCXKPmlgyP7syGmsdTcOrdPud6vHtQH5n9bITOsgyLlMM4OSfQ1qZQJMAoPAIOIKmRFdCyhT3O4K7JYqyoyNtWBD8MZP/gsuqxXPrXhne6XjnVEcc2SDbJJt4pF9ckxOSY3UCSMP5Im8kFfn0Xl2+s7bl3XCGfWsk1/lfHwCBf6iBg==</latexit><latexit sha1_base64="R/nPyEN0onMkDz2iCRKVWATgzd0=">AAACI3icbVBNSwMxEM36bf2qevQyWCwepO4WQREEwYvHilaF7lqy2WkNzWaXJCuWpf/Fi3/FiwelePHgfzGtRbQ6kPB47w0z88JUcG1c992ZmJyanpmdmy8sLC4trxRX1y51kimGdZaIRF2HVKPgEuuGG4HXqUIahwKvws7JQL+6Q6V5Ii9MN8Ugpm3JW5xRY6lm8fAcjsAPsc1lnsbUKH7fAw/K4ILv268MeJNz8FO+W+2BjzL6tjWLJbfiDgv+Am8ESmRUtWax70cJy2KUhgmqdcNzUxPkVBnOBPYKfqYxpaxD29iwUNIYdZAPb+zBlmUiaCXKPmlgyP7syGmsdTcOrdPud6vHtQH5n9bITOsgyLlMM4OSfQ1qZQJMAoPAIOIKmRFdCyhT3O4K7JYqyoyNtWBD8MZP/gsuqxXPrXhne6XjnVEcc2SDbJJt4pF9ckxOSY3UCSMP5Im8kFfn0Xl2+s7bl3XCGfWsk1/lfHwCBf6iBg==</latexit><latexit sha1_base64="R/nPyEN0onMkDz2iCRKVWATgzd0=">AAACI3icbVBNSwMxEM36bf2qevQyWCwepO4WQREEwYvHilaF7lqy2WkNzWaXJCuWpf/Fi3/FiwelePHgfzGtRbQ6kPB47w0z88JUcG1c992ZmJyanpmdmy8sLC4trxRX1y51kimGdZaIRF2HVKPgEuuGG4HXqUIahwKvws7JQL+6Q6V5Ii9MN8Ugpm3JW5xRY6lm8fAcjsAPsc1lnsbUKH7fAw/K4ILv268MeJNz8FO+W+2BjzL6tjWLJbfiDgv+Am8ESmRUtWax70cJy2KUhgmqdcNzUxPkVBnOBPYKfqYxpaxD29iwUNIYdZAPb+zBlmUiaCXKPmlgyP7syGmsdTcOrdPud6vHtQH5n9bITOsgyLlMM4OSfQ1qZQJMAoPAIOIKmRFdCyhT3O4K7JYqyoyNtWBD8MZP/gsuqxXPrXhne6XjnVEcc2SDbJJt4pF9ckxOSY3UCSMP5Im8kFfn0Xl2+s7bl3XCGfWsk1/lfHwCBf6iBg==</latexit><latexit sha1_base64="R/nPyEN0onMkDz2iCRKVWATgzd0=">AAACI3icbVBNSwMxEM36bf2qevQyWCwepO4WQREEwYvHilaF7lqy2WkNzWaXJCuWpf/Fi3/FiwelePHgfzGtRbQ6kPB47w0z88JUcG1c992ZmJyanpmdmy8sLC4trxRX1y51kimGdZaIRF2HVKPgEuuGG4HXqUIahwKvws7JQL+6Q6V5Ii9MN8Ugpm3JW5xRY6lm8fAcjsAPsc1lnsbUKH7fAw/K4ILv268MeJNz8FO+W+2BjzL6tjWLJbfiDgv+Am8ESmRUtWax70cJy2KUhgmqdcNzUxPkVBnOBPYKfqYxpaxD29iwUNIYdZAPb+zBlmUiaCXKPmlgyP7syGmsdTcOrdPud6vHtQH5n9bITOsgyLlMM4OSfQ1qZQJMAoPAIOIKmRFdCyhT3O4K7JYqyoyNtWBD8MZP/gsuqxXPrXhne6XjnVEcc2SDbJJt4pF9ckxOSY3UCSMP5Im8kFfn0Xl2+s7bl3XCGfWsk1/lfHwCBf6iBg==</latexit>

S† =

✓
1 0
0 e�i⇡/2

◆

<latexit sha1_base64="Ms0VGN+89QGHDR2gcerDA/kAM7E="></latexit><latexit sha1_base64="Ms0VGN+89QGHDR2gcerDA/kAM7E="></latexit><latexit sha1_base64="Ms0VGN+89QGHDR2gcerDA/kAM7E="></latexit><latexit sha1_base64="Ms0VGN+89QGHDR2gcerDA/kAM7E="></latexit>

T =

✓
1 0
0 ei⇡/4

◆

<latexit sha1_base64="jFmYidR06ZA8HRjz4gcMntsUX3g=">AAACI3icbVBNSwMxEM3Wr1q/qh69DBaLB6m7UlAEoeDFY4W2Ct1asum0DWazS5IVy9L/4sW/4sWDUrx48L+Y1iJaHUh4vPeGmXlBLLg2rvvuZObmFxaXssu5ldW19Y385lZDR4liWGeRiNR1QDUKLrFuuBF4HSukYSDwKrg9H+tXd6g0j2TNDGJshbQneZczaizVzp/W4Az8AHtcpnFIjeL3Q/CgCC74vv2KgDcpBz/mh+Uh+Cg737Z2vuCW3EnBX+BNQYFMq9rOj/xOxJIQpWGCat303Ni0UqoMZwKHOT/RGFN2S3vYtFDSEHUrndw4hD3LdKAbKfukgQn7syOlodaDMLBOu19fz2pj8j+tmZjuSSvlMk4MSvY1qJsIMBGMA4MOV8iMGFhAmeJ2V2B9qigzNtacDcGbPfkvaByVPLfkXZYLlYNpHFmyQ3bJPvHIMamQC1IldcLIA3kiL+TVeXSenZHz9mXNONOebfKrnI9PCuGiCQ==</latexit><latexit sha1_base64="jFmYidR06ZA8HRjz4gcMntsUX3g=">AAACI3icbVBNSwMxEM3Wr1q/qh69DBaLB6m7UlAEoeDFY4W2Ct1asum0DWazS5IVy9L/4sW/4sWDUrx48L+Y1iJaHUh4vPeGmXlBLLg2rvvuZObmFxaXssu5ldW19Y385lZDR4liWGeRiNR1QDUKLrFuuBF4HSukYSDwKrg9H+tXd6g0j2TNDGJshbQneZczaizVzp/W4Az8AHtcpnFIjeL3Q/CgCC74vv2KgDcpBz/mh+Uh+Cg737Z2vuCW3EnBX+BNQYFMq9rOj/xOxJIQpWGCat303Ni0UqoMZwKHOT/RGFN2S3vYtFDSEHUrndw4hD3LdKAbKfukgQn7syOlodaDMLBOu19fz2pj8j+tmZjuSSvlMk4MSvY1qJsIMBGMA4MOV8iMGFhAmeJ2V2B9qigzNtacDcGbPfkvaByVPLfkXZYLlYNpHFmyQ3bJPvHIMamQC1IldcLIA3kiL+TVeXSenZHz9mXNONOebfKrnI9PCuGiCQ==</latexit><latexit sha1_base64="jFmYidR06ZA8HRjz4gcMntsUX3g=">AAACI3icbVBNSwMxEM3Wr1q/qh69DBaLB6m7UlAEoeDFY4W2Ct1asum0DWazS5IVy9L/4sW/4sWDUrx48L+Y1iJaHUh4vPeGmXlBLLg2rvvuZObmFxaXssu5ldW19Y385lZDR4liWGeRiNR1QDUKLrFuuBF4HSukYSDwKrg9H+tXd6g0j2TNDGJshbQneZczaizVzp/W4Az8AHtcpnFIjeL3Q/CgCC74vv2KgDcpBz/mh+Uh+Cg737Z2vuCW3EnBX+BNQYFMq9rOj/xOxJIQpWGCat303Ni0UqoMZwKHOT/RGFN2S3vYtFDSEHUrndw4hD3LdKAbKfukgQn7syOlodaDMLBOu19fz2pj8j+tmZjuSSvlMk4MSvY1qJsIMBGMA4MOV8iMGFhAmeJ2V2B9qigzNtacDcGbPfkvaByVPLfkXZYLlYNpHFmyQ3bJPvHIMamQC1IldcLIA3kiL+TVeXSenZHz9mXNONOebfKrnI9PCuGiCQ==</latexit><latexit sha1_base64="jFmYidR06ZA8HRjz4gcMntsUX3g=">AAACI3icbVBNSwMxEM3Wr1q/qh69DBaLB6m7UlAEoeDFY4W2Ct1asum0DWazS5IVy9L/4sW/4sWDUrx48L+Y1iJaHUh4vPeGmXlBLLg2rvvuZObmFxaXssu5ldW19Y385lZDR4liWGeRiNR1QDUKLrFuuBF4HSukYSDwKrg9H+tXd6g0j2TNDGJshbQneZczaizVzp/W4Az8AHtcpnFIjeL3Q/CgCC74vv2KgDcpBz/mh+Uh+Cg737Z2vuCW3EnBX+BNQYFMq9rOj/xOxJIQpWGCat303Ni0UqoMZwKHOT/RGFN2S3vYtFDSEHUrndw4hD3LdKAbKfukgQn7syOlodaDMLBOu19fz2pj8j+tmZjuSSvlMk4MSvY1qJsIMBGMA4MOV8iMGFhAmeJ2V2B9qigzNtacDcGbPfkvaByVPLfkXZYLlYNpHFmyQ3bJPvHIMamQC1IldcLIA3kiL+TVeXSenZHz9mXNONOebfKrnI9PCuGiCQ==</latexit>
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Multiple Qubits

n Qubits live in a N = 2n-dimensional Hilbert Space:
↵0|0..00i+ ↵1|0..01i+ ↵2|0..10i+ ↵3|0..11i+ . . .+ ↵2n�1|1..11i

<latexit sha1_base64="B4AFWkycmixklntcFV2fecU1oYM="></latexit><latexit sha1_base64="B4AFWkycmixklntcFV2fecU1oYM="></latexit><latexit sha1_base64="B4AFWkycmixklntcFV2fecU1oYM="></latexit><latexit sha1_base64="B4AFWkycmixklntcFV2fecU1oYM="></latexit>

| i
<latexit sha1_base64="Gcromfn36jnohd5mHU2bTXTej+A=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac0oWy2k3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM00xiOlI8ogzaqzkP/ktzX1F5UjgoFpz6+4CZJ14BalBgdag+uUPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX9w8IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZB0CGXCEzYmoJZYrbWwkbU0WZsTFVbAje6svrpNOoe27du7+qNRtFHGU4g3O4BA+uoQl30II2MEjhGV7hzcmcF+fd+Vi2lpxi5hT+wPn8ATXLkbs=</latexit><latexit sha1_base64="Gcromfn36jnohd5mHU2bTXTej+A=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac0oWy2k3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM00xiOlI8ogzaqzkP/ktzX1F5UjgoFpz6+4CZJ14BalBgdag+uUPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX9w8IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZB0CGXCEzYmoJZYrbWwkbU0WZsTFVbAje6svrpNOoe27du7+qNRtFHGU4g3O4BA+uoQl30II2MEjhGV7hzcmcF+fd+Vi2lpxi5hT+wPn8ATXLkbs=</latexit><latexit sha1_base64="Gcromfn36jnohd5mHU2bTXTej+A=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac0oWy2k3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM00xiOlI8ogzaqzkP/ktzX1F5UjgoFpz6+4CZJ14BalBgdag+uUPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX9w8IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZB0CGXCEzYmoJZYrbWwkbU0WZsTFVbAje6svrpNOoe27du7+qNRtFHGU4g3O4BA+uoQl30II2MEjhGV7hzcmcF+fd+Vi2lpxi5hT+wPn8ATXLkbs=</latexit><latexit sha1_base64="Gcromfn36jnohd5mHU2bTXTej+A=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac0oWy2k3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM00xiOlI8ogzaqzkP/ktzX1F5UjgoFpz6+4CZJ14BalBgdag+uUPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX9w8IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZB0CGXCEzYmoJZYrbWwkbU0WZsTFVbAje6svrpNOoe27du7+qNRtFHGU4g3O4BA+uoQl30II2MEjhGV7hzcmcF+fd+Vi2lpxi5hT+wPn8ATXLkbs=</latexit>

|�i
<latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="E/gJM+457RZB8w9r2UWjrbluFI0=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/QGUomvdOGZjJjkimUsb/DjQtF/EPu/Demj4W2Hgh8nJNwb06USWEspd9eaWt7Z3evvF85qB4eHddOqm2T5ppji6cy1d2IGZRCYcsKK7GbaWRJJLETje/meWeC2ohUPdpphmHChkrEgjPrrPA5aI5EoJkaSiT9Wp026EJkE/wV1GGlZr/2FQxSnieoLJfMmJ5PMxsWTFvBJc4qQW4wY3zMhthzqFiCJiwWS8/IhXMGJE61O8qShfv7RcESY6ZJ5G4mzI7MejY3/8t6uY1vwkKoLLeo+HJQnEtiUzJvgAyERm7l1AHjWrhdCR8xzbh1PVVcCf76lzehfdXwacN/oFCGMziHS/DhGm7hHprQAg5P8AJv8O5NvFfvY1lXyVv1dgp/5H3+ADsnkIs=</latexit><latexit sha1_base64="E/gJM+457RZB8w9r2UWjrbluFI0=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/QGUomvdOGZjJjkimUsb/DjQtF/EPu/Demj4W2Hgh8nJNwb06USWEspd9eaWt7Z3evvF85qB4eHddOqm2T5ppji6cy1d2IGZRCYcsKK7GbaWRJJLETje/meWeC2ohUPdpphmHChkrEgjPrrPA5aI5EoJkaSiT9Wp026EJkE/wV1GGlZr/2FQxSnieoLJfMmJ5PMxsWTFvBJc4qQW4wY3zMhthzqFiCJiwWS8/IhXMGJE61O8qShfv7RcESY6ZJ5G4mzI7MejY3/8t6uY1vwkKoLLeo+HJQnEtiUzJvgAyERm7l1AHjWrhdCR8xzbh1PVVcCf76lzehfdXwacN/oFCGMziHS/DhGm7hHprQAg5P8AJv8O5NvFfvY1lXyVv1dgp/5H3+ADsnkIs=</latexit><latexit sha1_base64="nsWxQfIjszI3Sy5Fbnu81TsWHlU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkveix48VjBfkATymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2Nza3tnt7RX3j84PDqunJy2dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfudCSrNE/lgpikGMR1KHnFGjZWCJ7854r6iciiQ9CtVt+YuQNaJV5AqFGj2K1/+IGFZjNIwQbXueW5qgpwqw5nAWdnPNKaUjekQe5ZKGqMO8sXRM3JplQGJEmVLGrJQf0/kNNZ6Goe2M6ZmpFe9ufif18tMdBPkXKaZQcmWi6JMEJOQeQJkwBUyI6aWUKa4vZWwEVWUGZtT2Ybgrb68Ttr1mufWvHu32qgXcZTgHC7gCjy4hgbcQRNawOARnuEV3pyJ8+K8Ox/L1g2nmDmDP3A+fwB9z5HW</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit><latexit sha1_base64="rmBePo26FI2DTEMRCC4TtWqs9Xw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP/UaI95TVA4Fkn654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni6Bm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrzxMy6T1KBky0VhKoiJyTwBMuAKmRFTSyhT3N5K2IgqyozNqWRD8FZfXietWtVzq979VaVey+MowhmcwyV4cA11uIMGNIHBIzzDK7w5E+fFeXc+lq0FJ585hT9wPn8Afw+R2g==</latexit>

| i =
✓
 1

 2

◆

<latexit sha1_base64="G2QmV1qR0XnBykK9/xSJHkBWy+I=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk55OQzOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5EQ8l7nFFjpU7x4p7UNCeKylAAxueYBBBymSURNYrfjTBJNO94mJApVTAB2f2xO8WSW3YnhRfBm0EJzarWKb6QbszSCKRhgmrd9tzE+BlVhjMBowJJNSSUDWgIbYuSRqD9bHLnCB9ZpYt7sbJPGjxRf09kNNJ6GAW20+7X1/PeWPzPa6emd+ZnXCapAcmmH/VSgU2Mx6HhLlfAjBhaoExxuytmfaooMzbagg3Bmz95ERqVsueWveuTUrUyiyOPDtAhOkYeOkVVdIVqqI4YekBP6BW9OY/Os/PufExbc85sZh/9KefrGylmphQ=</latexit><latexit sha1_base64="G2QmV1qR0XnBykK9/xSJHkBWy+I=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk55OQzOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5EQ8l7nFFjpU7x4p7UNCeKylAAxueYBBBymSURNYrfjTBJNO94mJApVTAB2f2xO8WSW3YnhRfBm0EJzarWKb6QbszSCKRhgmrd9tzE+BlVhjMBowJJNSSUDWgIbYuSRqD9bHLnCB9ZpYt7sbJPGjxRf09kNNJ6GAW20+7X1/PeWPzPa6emd+ZnXCapAcmmH/VSgU2Mx6HhLlfAjBhaoExxuytmfaooMzbagg3Bmz95ERqVsueWveuTUrUyiyOPDtAhOkYeOkVVdIVqqI4YekBP6BW9OY/Os/PufExbc85sZh/9KefrGylmphQ=</latexit><latexit sha1_base64="G2QmV1qR0XnBykK9/xSJHkBWy+I=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk55OQzOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5EQ8l7nFFjpU7x4p7UNCeKylAAxueYBBBymSURNYrfjTBJNO94mJApVTAB2f2xO8WSW3YnhRfBm0EJzarWKb6QbszSCKRhgmrd9tzE+BlVhjMBowJJNSSUDWgIbYuSRqD9bHLnCB9ZpYt7sbJPGjxRf09kNNJ6GAW20+7X1/PeWPzPa6emd+ZnXCapAcmmH/VSgU2Mx6HhLlfAjBhaoExxuytmfaooMzbagg3Bmz95ERqVsueWveuTUrUyiyOPDtAhOkYeOkVVdIVqqI4YekBP6BW9OY/Os/PufExbc85sZh/9KefrGylmphQ=</latexit><latexit sha1_base64="G2QmV1qR0XnBykK9/xSJHkBWy+I=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk55OQzOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5EQ8l7nFFjpU7x4p7UNCeKylAAxueYBBBymSURNYrfjTBJNO94mJApVTAB2f2xO8WSW3YnhRfBm0EJzarWKb6QbszSCKRhgmrd9tzE+BlVhjMBowJJNSSUDWgIbYuSRqD9bHLnCB9ZpYt7sbJPGjxRf09kNNJ6GAW20+7X1/PeWPzPa6emd+ZnXCapAcmmH/VSgU2Mx6HhLlfAjBhaoExxuytmfaooMzbagg3Bmz95ERqVsueWveuTUrUyiyOPDtAhOkYeOkVVdIVqqI4YekBP6BW9OY/Os/PufExbc85sZh/9KefrGylmphQ=</latexit>

|�i =
✓
�1

�2

◆

<latexit sha1_base64="4AyhGHv65UsZQKLQlmw9HDvV3jo=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk552QjOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5E+5L3OKPGSp3ixT2phZwoKvsCMD7HJIA+l1kSUaP43QiTJOQdDxMypQomILs/dqdYcsvupPAieDMooVnVOsUX0o1ZGoE0TFCt256bGD+jynAmYFQgqYaEsgHtQ9uipBFoP5vcOcJHVuniXqzskwZP1N8TGY20HkaB7bT7hXreG4v/ee3U9M78jMskNSDZ9KNeKrCJ8Tg03OUKmBFDC5QpbnfFLKSKMmOjLdgQvPmTF6FRKXtu2bs+KVUrszjy6AAdomPkoVNURVeohuqIoQf0hF7Rm/PoPDvvzse0NefMZvbRn3K+vgHy8aXz</latexit><latexit sha1_base64="4AyhGHv65UsZQKLQlmw9HDvV3jo=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk552QjOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5E+5L3OKPGSp3ixT2phZwoKvsCMD7HJIA+l1kSUaP43QiTJOQdDxMypQomILs/dqdYcsvupPAieDMooVnVOsUX0o1ZGoE0TFCt256bGD+jynAmYFQgqYaEsgHtQ9uipBFoP5vcOcJHVuniXqzskwZP1N8TGY20HkaB7bT7hXreG4v/ee3U9M78jMskNSDZ9KNeKrCJ8Tg03OUKmBFDC5QpbnfFLKSKMmOjLdgQvPmTF6FRKXtu2bs+KVUrszjy6AAdomPkoVNURVeohuqIoQf0hF7Rm/PoPDvvzse0NefMZvbRn3K+vgHy8aXz</latexit><latexit sha1_base64="4AyhGHv65UsZQKLQlmw9HDvV3jo=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk552QjOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5E+5L3OKPGSp3ixT2phZwoKvsCMD7HJIA+l1kSUaP43QiTJOQdDxMypQomILs/dqdYcsvupPAieDMooVnVOsUX0o1ZGoE0TFCt256bGD+jynAmYFQgqYaEsgHtQ9uipBFoP5vcOcJHVuniXqzskwZP1N8TGY20HkaB7bT7hXreG4v/ee3U9M78jMskNSDZ9KNeKrCJ8Tg03OUKmBFDC5QpbnfFLKSKMmOjLdgQvPmTF6FRKXtu2bs+KVUrszjy6AAdomPkoVNURVeohuqIoQf0hF7Rm/PoPDvvzse0NefMZvbRn3K+vgHy8aXz</latexit><latexit sha1_base64="4AyhGHv65UsZQKLQlmw9HDvV3jo=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrspMEXSjFNy4rGAv0Awlk552QjOZIcmIZezbuPFV3AgqokvfxPSCaOuBwMf/n0PO+YNEcG1c99PJLS2vrK7l1wsbm1vbO8XdvYaOU8WgzmIRq1ZANQguoW64EdBKFNAoENAMBpdjv3kLSvNY3phhAn5E+5L3OKPGSp3ixT2phZwoKvsCMD7HJIA+l1kSUaP43QiTJOQdDxMypQomILs/dqdYcsvupPAieDMooVnVOsUX0o1ZGoE0TFCt256bGD+jynAmYFQgqYaEsgHtQ9uipBFoP5vcOcJHVuniXqzskwZP1N8TGY20HkaB7bT7hXreG4v/ee3U9M78jMskNSDZ9KNeKrCJ8Tg03OUKmBFDC5QpbnfFLKSKMmOjLdgQvPmTF6FRKXtu2bs+KVUrszjy6AAdomPkoVNURVeohuqIoQf0hF7Rm/PoPDvvzse0NefMZvbRn3K+vgHy8aXz</latexit>

} | i ⌦ |�i =
✓
 1

 2

◆
⌦
✓
�1
�2

◆
=

0

BB@
 1

✓
�1
�2

◆

 2

✓
�1
�2

◆

1

CCA =

0

BB@

 1 · �1
 1 · �2
 2 · �1
 2 · �2

1

CCA

<latexit sha1_base64="XWpFLoxlbYrt5aBujE6ir0Hkn7M="></latexit><latexit sha1_base64="XWpFLoxlbYrt5aBujE6ir0Hkn7M="></latexit><latexit sha1_base64="XWpFLoxlbYrt5aBujE6ir0Hkn7M="></latexit><latexit sha1_base64="XWpFLoxlbYrt5aBujE6ir0Hkn7M="></latexit>

Example:

|1i ⌦ |0i =

✓
0
1

◆
⌦
✓
1
0

◆
=

0

BB@

0
0
1
0

1

CCA

<latexit sha1_base64="Ou8vm2PJnMYXkWT3NHZsr2O4U8E="></latexit><latexit sha1_base64="Ou8vm2PJnMYXkWT3NHZsr2O4U8E="></latexit><latexit sha1_base64="Ou8vm2PJnMYXkWT3NHZsr2O4U8E="></latexit><latexit sha1_base64="Ou8vm2PJnMYXkWT3NHZsr2O4U8E="></latexit>

3rd Entry: or |3i
<latexit sha1_base64="G0woqOupv/J2a43n6LVZZ03bWwk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ie0oWy2k3bpZhN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08HTRU1QOBfbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mB0/JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGbfkwFXyIyYWEKZ4vZWwkZUUWZsRiUbgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMIniGV3hzlPPivDsfi9aCk88cwx84nz+0+pBI</latexit><latexit sha1_base64="G0woqOupv/J2a43n6LVZZ03bWwk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ie0oWy2k3bpZhN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08HTRU1QOBfbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mB0/JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGbfkwFXyIyYWEKZ4vZWwkZUUWZsRiUbgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMIniGV3hzlPPivDsfi9aCk88cwx84nz+0+pBI</latexit><latexit sha1_base64="G0woqOupv/J2a43n6LVZZ03bWwk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ie0oWy2k3bpZhN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08HTRU1QOBfbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mB0/JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGbfkwFXyIyYWEKZ4vZWwkZUUWZsRiUbgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMIniGV3hzlPPivDsfi9aCk88cwx84nz+0+pBI</latexit><latexit sha1_base64="G0woqOupv/J2a43n6LVZZ03bWwk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ie0oWy2k3bpZhN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08HTRU1QOBfbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mB0/JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGbfkwFXyIyYWEKZ4vZWwkZUUWZsRiUbgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMIniGV3hzlPPivDsfi9aCk88cwx84nz+0+pBI</latexit>

|10i
<latexit sha1_base64="4yoKv7f9S5n97ghHf6AxwzpYqC0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2A9sQ9lsJ+3SzSbsboQS+y+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJb3ZpqgH9GR5CFn1Fjp4clz+4rKkcBBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4uIZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8fTLkCpkRU0soU9zeStiYKsqMDalkQ/BWX14n7VrVc6ve3VWlUcvjKMIZnMMleFCHBtxCE1rAQMIzvMKbo50X5935WLYWnHzmFP7A+fwBIaSQgA==</latexit><latexit sha1_base64="4yoKv7f9S5n97ghHf6AxwzpYqC0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2A9sQ9lsJ+3SzSbsboQS+y+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJb3ZpqgH9GR5CFn1Fjp4clz+4rKkcBBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4uIZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8fTLkCpkRU0soU9zeStiYKsqMDalkQ/BWX14n7VrVc6ve3VWlUcvjKMIZnMMleFCHBtxCE1rAQMIzvMKbo50X5935WLYWnHzmFP7A+fwBIaSQgA==</latexit><latexit sha1_base64="4yoKv7f9S5n97ghHf6AxwzpYqC0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2A9sQ9lsJ+3SzSbsboQS+y+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJb3ZpqgH9GR5CFn1Fjp4clz+4rKkcBBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4uIZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8fTLkCpkRU0soU9zeStiYKsqMDalkQ/BWX14n7VrVc6ve3VWlUcvjKMIZnMMleFCHBtxCE1rAQMIzvMKbo50X5935WLYWnHzmFP7A+fwBIaSQgA==</latexit><latexit sha1_base64="4yoKv7f9S5n97ghHf6AxwzpYqC0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2A9sQ9lsJ+3SzSbsboQS+y+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJb3ZpqgH9GR5CFn1Fjp4clz+4rKkcBBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4uIZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8fTLkCpkRU0soU9zeStiYKsqMDalkQ/BWX14n7VrVc6ve3VWlUcvjKMIZnMMleFCHBtxCE1rAQMIzvMKbo50X5935WLYWnHzmFP7A+fwBIaSQgA==</latexit>
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2-Qubit Gates and Entanglement

Quantum Circuit:

Probability to measure

Entanglement Amplitude with
Mag2 = 0.5, Phase 1

↵3|10i
<latexit sha1_base64="Cn22i3P6RoW0PMtiw/ryibAPaHQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIq6LHgxWMF+wFNCJPtpl262YTdjRBi/StePCji1R/izX/jts1BWx8MPN6bYWZemHKmtON8W2vrG5tb25Wd6u7e/sGhfXTcVUkmCe2QhCeyH4KinAna0Uxz2k8lhTjktBdObmZ+74FKxRJxr/OU+jGMBIsYAW2kwK55wNMxBBf40XU8CWLEaWDXnYYzB14lbknqqEQ7sL+8YUKymApNOCg1cJ1U+wVIzQin06qXKZoCmcCIDgwVEFPlF/Pjp/jMKEMcJdKU0Hiu/p4oIFYqj0PTGYMeq2VvJv7nDTIdXfsFE2mmqSCLRVHGsU7wLAk8ZJISzXNDgEhmbsVkDBKINnlVTQju8surpNtsuE7Dvbust5plHBV0gk7ROXLRFWqhW9RGHURQjp7RK3qznqwX6936WLSuWeVMDf2B9fkDviiUHw==</latexit><latexit sha1_base64="Cn22i3P6RoW0PMtiw/ryibAPaHQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIq6LHgxWMF+wFNCJPtpl262YTdjRBi/StePCji1R/izX/jts1BWx8MPN6bYWZemHKmtON8W2vrG5tb25Wd6u7e/sGhfXTcVUkmCe2QhCeyH4KinAna0Uxz2k8lhTjktBdObmZ+74FKxRJxr/OU+jGMBIsYAW2kwK55wNMxBBf40XU8CWLEaWDXnYYzB14lbknqqEQ7sL+8YUKymApNOCg1cJ1U+wVIzQin06qXKZoCmcCIDgwVEFPlF/Pjp/jMKEMcJdKU0Hiu/p4oIFYqj0PTGYMeq2VvJv7nDTIdXfsFE2mmqSCLRVHGsU7wLAk8ZJISzXNDgEhmbsVkDBKINnlVTQju8surpNtsuE7Dvbust5plHBV0gk7ROXLRFWqhW9RGHURQjp7RK3qznqwX6936WLSuWeVMDf2B9fkDviiUHw==</latexit><latexit sha1_base64="Cn22i3P6RoW0PMtiw/ryibAPaHQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIq6LHgxWMF+wFNCJPtpl262YTdjRBi/StePCji1R/izX/jts1BWx8MPN6bYWZemHKmtON8W2vrG5tb25Wd6u7e/sGhfXTcVUkmCe2QhCeyH4KinAna0Uxz2k8lhTjktBdObmZ+74FKxRJxr/OU+jGMBIsYAW2kwK55wNMxBBf40XU8CWLEaWDXnYYzB14lbknqqEQ7sL+8YUKymApNOCg1cJ1U+wVIzQin06qXKZoCmcCIDgwVEFPlF/Pjp/jMKEMcJdKU0Hiu/p4oIFYqj0PTGYMeq2VvJv7nDTIdXfsFE2mmqSCLRVHGsU7wLAk8ZJISzXNDgEhmbsVkDBKINnlVTQju8surpNtsuE7Dvbust5plHBV0gk7ROXLRFWqhW9RGHURQjp7RK3qznqwX6936WLSuWeVMDf2B9fkDviiUHw==</latexit><latexit sha1_base64="Cn22i3P6RoW0PMtiw/ryibAPaHQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIq6LHgxWMF+wFNCJPtpl262YTdjRBi/StePCji1R/izX/jts1BWx8MPN6bYWZemHKmtON8W2vrG5tb25Wd6u7e/sGhfXTcVUkmCe2QhCeyH4KinAna0Uxz2k8lhTjktBdObmZ+74FKxRJxr/OU+jGMBIsYAW2kwK55wNMxBBf40XU8CWLEaWDXnYYzB14lbknqqEQ7sL+8YUKymApNOCg1cJ1U+wVIzQin06qXKZoCmcCIDgwVEFPlF/Pjp/jMKEMcJdKU0Hiu/p4oIFYqj0PTGYMeq2VvJv7nDTIdXfsFE2mmqSCLRVHGsU7wLAk8ZJISzXNDgEhmbsVkDBKINnlVTQju8surpNtsuE7Dvbust5plHBV0gk7ROXLRFWqhW9RGHURQjp7RK3qznqwX6936WLSuWeVMDf2B9fkDviiUHw==</latexit>

Notable 2-Qubit Gates:

<latexit sha1_base64="B5X1DJNmG+76PSL/55Xiu2vIuww="></latexit><latexit sha1_base64="B5X1DJNmG+76PSL/55Xiu2vIuww="></latexit><latexit sha1_base64="B5X1DJNmG+76PSL/55Xiu2vIuww="></latexit><latexit sha1_base64="B5X1DJNmG+76PSL/55Xiu2vIuww="></latexit>

Z

<latexit sha1_base64="eNFKP2nCr+Bl8YeNTpgkOrWEe6w="></latexit><latexit sha1_base64="eNFKP2nCr+Bl8YeNTpgkOrWEe6w="></latexit><latexit sha1_base64="eNFKP2nCr+Bl8YeNTpgkOrWEe6w="></latexit><latexit sha1_base64="eNFKP2nCr+Bl8YeNTpgkOrWEe6w="></latexit>

<latexit sha1_base64="J9D8rFhseCaDgAIZraoyZIUMGQQ="></latexit><latexit sha1_base64="J9D8rFhseCaDgAIZraoyZIUMGQQ="></latexit><latexit sha1_base64="J9D8rFhseCaDgAIZraoyZIUMGQQ="></latexit><latexit sha1_base64="J9D8rFhseCaDgAIZraoyZIUMGQQ="></latexit>

0

BB@

1 0 0 0
0 1 0 0
0 0 0 1
0 0 1 0

1

CCA

<latexit sha1_base64="65liLaJXPNBcz2dmwHvyypMXR3I=">AAACR3icbVDLSgMxFM3UVx1fVZdugkXpqkxE0GXBjcsK9gGdUjLpbRuayQxJRixDP8+FS5d+gws3Ki7NtFVr64EDh3MfuTlBLLg2nvfs5FZW19Y38pvu1vbO7l5h/6Cuo0QxqLFIRKoZUA2CS6gZbgQ0YwU0DAQ0guFVVm/cgdI8krdmFEM7pH3Je5xRY61OoeMH0OcyjUNqFL8fuwSfYu+Hvu9mgiwa3yTzxqTL9UF2f9d1CkWv7E2AlwWZiSKaodopPPndiCUhSMME1bpFvNi0U6oMZwLGrp9oiCkb0j60rJQ0BN1OJ0GM8Yl1urgXKUtp8MSdn0hpqPUoDGynPXCgF2uZ+V+tlZjeZTvlMk4MSDZ9qJcIbCKcpYq7XAEzYmQFZYrbWzEbUEWZsdnbDMjij5dF/axMvDK5OS9WSrM08ugIHaMSIugCVdA1qqIaYugBvaA39O48Oq/Oh/M5bc05s5lD9Ac55wsPUaW2</latexit><latexit sha1_base64="65liLaJXPNBcz2dmwHvyypMXR3I=">AAACR3icbVDLSgMxFM3UVx1fVZdugkXpqkxE0GXBjcsK9gGdUjLpbRuayQxJRixDP8+FS5d+gws3Ki7NtFVr64EDh3MfuTlBLLg2nvfs5FZW19Y38pvu1vbO7l5h/6Cuo0QxqLFIRKoZUA2CS6gZbgQ0YwU0DAQ0guFVVm/cgdI8krdmFEM7pH3Je5xRY61OoeMH0OcyjUNqFL8fuwSfYu+Hvu9mgiwa3yTzxqTL9UF2f9d1CkWv7E2AlwWZiSKaodopPPndiCUhSMME1bpFvNi0U6oMZwLGrp9oiCkb0j60rJQ0BN1OJ0GM8Yl1urgXKUtp8MSdn0hpqPUoDGynPXCgF2uZ+V+tlZjeZTvlMk4MSDZ9qJcIbCKcpYq7XAEzYmQFZYrbWzEbUEWZsdnbDMjij5dF/axMvDK5OS9WSrM08ugIHaMSIugCVdA1qqIaYugBvaA39O48Oq/Oh/M5bc05s5lD9Ac55wsPUaW2</latexit><latexit sha1_base64="65liLaJXPNBcz2dmwHvyypMXR3I=">AAACR3icbVDLSgMxFM3UVx1fVZdugkXpqkxE0GXBjcsK9gGdUjLpbRuayQxJRixDP8+FS5d+gws3Ki7NtFVr64EDh3MfuTlBLLg2nvfs5FZW19Y38pvu1vbO7l5h/6Cuo0QxqLFIRKoZUA2CS6gZbgQ0YwU0DAQ0guFVVm/cgdI8krdmFEM7pH3Je5xRY61OoeMH0OcyjUNqFL8fuwSfYu+Hvu9mgiwa3yTzxqTL9UF2f9d1CkWv7E2AlwWZiSKaodopPPndiCUhSMME1bpFvNi0U6oMZwLGrp9oiCkb0j60rJQ0BN1OJ0GM8Yl1urgXKUtp8MSdn0hpqPUoDGynPXCgF2uZ+V+tlZjeZTvlMk4MSDZ9qJcIbCKcpYq7XAEzYmQFZYrbWzEbUEWZsdnbDMjij5dF/axMvDK5OS9WSrM08ugIHaMSIugCVdA1qqIaYugBvaA39O48Oq/Oh/M5bc05s5lD9Ac55wsPUaW2</latexit><latexit sha1_base64="65liLaJXPNBcz2dmwHvyypMXR3I=">AAACR3icbVDLSgMxFM3UVx1fVZdugkXpqkxE0GXBjcsK9gGdUjLpbRuayQxJRixDP8+FS5d+gws3Ki7NtFVr64EDh3MfuTlBLLg2nvfs5FZW19Y38pvu1vbO7l5h/6Cuo0QxqLFIRKoZUA2CS6gZbgQ0YwU0DAQ0guFVVm/cgdI8krdmFEM7pH3Je5xRY61OoeMH0OcyjUNqFL8fuwSfYu+Hvu9mgiwa3yTzxqTL9UF2f9d1CkWv7E2AlwWZiSKaodopPPndiCUhSMME1bpFvNi0U6oMZwLGrp9oiCkb0j60rJQ0BN1OJ0GM8Yl1urgXKUtp8MSdn0hpqPUoDGynPXCgF2uZ+V+tlZjeZTvlMk4MSDZ9qJcIbCKcpYq7XAEzYmQFZYrbWzEbUEWZsdnbDMjij5dF/axMvDK5OS9WSrM08ugIHaMSIugCVdA1qqIaYugBvaA39O48Oq/Oh/M5bc05s5lD9Ac55wsPUaW2</latexit>

0

BB@

1 0 0 0
0 0 1 0
0 1 0 0
0 0 0 1

1

CCA

<latexit sha1_base64="A9uf6XITjm5bX+9XlEyhmoPL8fY=">AAACR3icbVDLSgMxFM3UVx1foy7dBIvSVZmIoMuCG5cV7AM6pWTS2zaYyQxJRixDP8+FS5d+gws3Ki5NH2pte+HCyTnnJjcnTATXxvdfnNzK6tr6Rn7T3dre2d3z9g9qOk4VgyqLRawaIdUguISq4UZAI1FAo1BAPby7Gun1e1Cax/LWDBJoRbQneZczaizV9tpBCD0usySiRvGHoUvwKfZ/OwjcnwOZJcgyx1hwA5Cdv+vaXsEv+ePCi4BMQQFNq9L2noNOzNIIpGGCat0kfmJaGVWGMwFDN0g1JJTd0R40LZQ0At3KxkEM8YllOrgbK9vS4DE7O5HRSOtBFFqnXbCv57URuUxrpqZ72cq4TFIDkk0e6qYCmxiPUsUdroAZMbCAMsXtrpj1qaLM2OxtBmT+x4ugdlYifoncnBfKxWkaeXSEjlEREXSByugaVVAVMfSIXtE7+nCenDfn0/maWHPOdOYQ/auc8w0PUaW2</latexit><latexit sha1_base64="A9uf6XITjm5bX+9XlEyhmoPL8fY=">AAACR3icbVDLSgMxFM3UVx1foy7dBIvSVZmIoMuCG5cV7AM6pWTS2zaYyQxJRixDP8+FS5d+gws3Ki5NH2pte+HCyTnnJjcnTATXxvdfnNzK6tr6Rn7T3dre2d3z9g9qOk4VgyqLRawaIdUguISq4UZAI1FAo1BAPby7Gun1e1Cax/LWDBJoRbQneZczaizV9tpBCD0usySiRvGHoUvwKfZ/OwjcnwOZJcgyx1hwA5Cdv+vaXsEv+ePCi4BMQQFNq9L2noNOzNIIpGGCat0kfmJaGVWGMwFDN0g1JJTd0R40LZQ0At3KxkEM8YllOrgbK9vS4DE7O5HRSOtBFFqnXbCv57URuUxrpqZ72cq4TFIDkk0e6qYCmxiPUsUdroAZMbCAMsXtrpj1qaLM2OxtBmT+x4ugdlYifoncnBfKxWkaeXSEjlEREXSByugaVVAVMfSIXtE7+nCenDfn0/maWHPOdOYQ/auc8w0PUaW2</latexit><latexit sha1_base64="A9uf6XITjm5bX+9XlEyhmoPL8fY=">AAACR3icbVDLSgMxFM3UVx1foy7dBIvSVZmIoMuCG5cV7AM6pWTS2zaYyQxJRixDP8+FS5d+gws3Ki5NH2pte+HCyTnnJjcnTATXxvdfnNzK6tr6Rn7T3dre2d3z9g9qOk4VgyqLRawaIdUguISq4UZAI1FAo1BAPby7Gun1e1Cax/LWDBJoRbQneZczaizV9tpBCD0usySiRvGHoUvwKfZ/OwjcnwOZJcgyx1hwA5Cdv+vaXsEv+ePCi4BMQQFNq9L2noNOzNIIpGGCat0kfmJaGVWGMwFDN0g1JJTd0R40LZQ0At3KxkEM8YllOrgbK9vS4DE7O5HRSOtBFFqnXbCv57URuUxrpqZ72cq4TFIDkk0e6qYCmxiPUsUdroAZMbCAMsXtrpj1qaLM2OxtBmT+x4ugdlYifoncnBfKxWkaeXSEjlEREXSByugaVVAVMfSIXtE7+nCenDfn0/maWHPOdOYQ/auc8w0PUaW2</latexit><latexit sha1_base64="A9uf6XITjm5bX+9XlEyhmoPL8fY=">AAACR3icbVDLSgMxFM3UVx1foy7dBIvSVZmIoMuCG5cV7AM6pWTS2zaYyQxJRixDP8+FS5d+gws3Ki5NH2pte+HCyTnnJjcnTATXxvdfnNzK6tr6Rn7T3dre2d3z9g9qOk4VgyqLRawaIdUguISq4UZAI1FAo1BAPby7Gun1e1Cax/LWDBJoRbQneZczaizV9tpBCD0usySiRvGHoUvwKfZ/OwjcnwOZJcgyx1hwA5Cdv+vaXsEv+ePCi4BMQQFNq9L2noNOzNIIpGGCat0kfmJaGVWGMwFDN0g1JJTd0R40LZQ0At3KxkEM8YllOrgbK9vS4DE7O5HRSOtBFFqnXbCv57URuUxrpqZ72cq4TFIDkk0e6qYCmxiPUsUdroAZMbCAMsXtrpj1qaLM2OxtBmT+x4ugdlYifoncnBfKxWkaeXSEjlEREXSByugaVVAVMfSIXtE7+nCenDfn0/maWHPOdOYQ/auc8w0PUaW2</latexit>

0

BB@

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 �1

1

CCA

<latexit sha1_base64="pfUEvlKGT1KDHfCP4zA9OTRCoS8=">AAACSHicbZC7TsMwFIadcg+3ACOLRQVioYoREoyVWBhBogWpqYrjnLZWHSeyHUQV9fUY2Bh5BwYWQGw4bcSlcKQj/frOxcd/mAquje8/OZWZ2bn5hcUld3lldW3d29hs6iRTDBosEYm6DqkGwSU0DDcCrlMFNA4FXIWD06J+dQtK80RemmEK7Zj2JO9yRo1FHe8mCKHHZZ7G1Ch+N3IJ3sP+VwaBWwgyDb7hD1DkAXEDkNH3vo5X9Wv+OPBfQUpRRWWcd7zHIEpYFoM0TFCtW8RPTTunynAmYOQGmYaUsgHtQctKSWPQ7XzsxAjvWhLhbqJsSoPH9OdETmOth3FoO+2BfT1dK+B/tVZmuiftnMs0MyDZ5KFuJrBJcGErjrgCZsTQCsoUt7di1qeKMmPNtx6Q6R//Fc3DGvFr5OKoWt8v3VhE22gH7SOCjlEdnaFz1EAM3aNn9IrenAfnxXl3PiatFaec2UK/olL5BIyPpe0=</latexit><latexit sha1_base64="pfUEvlKGT1KDHfCP4zA9OTRCoS8=">AAACSHicbZC7TsMwFIadcg+3ACOLRQVioYoREoyVWBhBogWpqYrjnLZWHSeyHUQV9fUY2Bh5BwYWQGw4bcSlcKQj/frOxcd/mAquje8/OZWZ2bn5hcUld3lldW3d29hs6iRTDBosEYm6DqkGwSU0DDcCrlMFNA4FXIWD06J+dQtK80RemmEK7Zj2JO9yRo1FHe8mCKHHZZ7G1Ch+N3IJ3sP+VwaBWwgyDb7hD1DkAXEDkNH3vo5X9Wv+OPBfQUpRRWWcd7zHIEpYFoM0TFCtW8RPTTunynAmYOQGmYaUsgHtQctKSWPQ7XzsxAjvWhLhbqJsSoPH9OdETmOth3FoO+2BfT1dK+B/tVZmuiftnMs0MyDZ5KFuJrBJcGErjrgCZsTQCsoUt7di1qeKMmPNtx6Q6R//Fc3DGvFr5OKoWt8v3VhE22gH7SOCjlEdnaFz1EAM3aNn9IrenAfnxXl3PiatFaec2UK/olL5BIyPpe0=</latexit><latexit sha1_base64="pfUEvlKGT1KDHfCP4zA9OTRCoS8=">AAACSHicbZC7TsMwFIadcg+3ACOLRQVioYoREoyVWBhBogWpqYrjnLZWHSeyHUQV9fUY2Bh5BwYWQGw4bcSlcKQj/frOxcd/mAquje8/OZWZ2bn5hcUld3lldW3d29hs6iRTDBosEYm6DqkGwSU0DDcCrlMFNA4FXIWD06J+dQtK80RemmEK7Zj2JO9yRo1FHe8mCKHHZZ7G1Ch+N3IJ3sP+VwaBWwgyDb7hD1DkAXEDkNH3vo5X9Wv+OPBfQUpRRWWcd7zHIEpYFoM0TFCtW8RPTTunynAmYOQGmYaUsgHtQctKSWPQ7XzsxAjvWhLhbqJsSoPH9OdETmOth3FoO+2BfT1dK+B/tVZmuiftnMs0MyDZ5KFuJrBJcGErjrgCZsTQCsoUt7di1qeKMmPNtx6Q6R//Fc3DGvFr5OKoWt8v3VhE22gH7SOCjlEdnaFz1EAM3aNn9IrenAfnxXl3PiatFaec2UK/olL5BIyPpe0=</latexit><latexit sha1_base64="pfUEvlKGT1KDHfCP4zA9OTRCoS8=">AAACSHicbZC7TsMwFIadcg+3ACOLRQVioYoREoyVWBhBogWpqYrjnLZWHSeyHUQV9fUY2Bh5BwYWQGw4bcSlcKQj/frOxcd/mAquje8/OZWZ2bn5hcUld3lldW3d29hs6iRTDBosEYm6DqkGwSU0DDcCrlMFNA4FXIWD06J+dQtK80RemmEK7Zj2JO9yRo1FHe8mCKHHZZ7G1Ch+N3IJ3sP+VwaBWwgyDb7hD1DkAXEDkNH3vo5X9Wv+OPBfQUpRRWWcd7zHIEpYFoM0TFCtW8RPTTunynAmYOQGmYaUsgHtQctKSWPQ7XzsxAjvWhLhbqJsSoPH9OdETmOth3FoO+2BfT1dK+B/tVZmuiftnMs0MyDZ5KFuJrBJcGErjrgCZsTQCsoUt7di1qeKMmPNtx6Q6R//Fc3DGvFr5OKoWt8v3VhE22gH7SOCjlEdnaFz1EAM3aNn9IrenAfnxXl3PiatFaec2UK/olL5BIyPpe0=</latexit>

CNOT SWAP Controlled-Z

|00i ! |00i
|01i ! |01i
|10i ! |11i
|11i ! |10i

<latexit sha1_base64="PJDfOMXk7mN8MNCeMl+jPdN9te8="></latexit><latexit sha1_base64="PJDfOMXk7mN8MNCeMl+jPdN9te8="></latexit><latexit sha1_base64="PJDfOMXk7mN8MNCeMl+jPdN9te8="></latexit><latexit sha1_base64="PJDfOMXk7mN8MNCeMl+jPdN9te8="></latexit>

Measurement: |01i
<latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit><latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit><latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit><latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit>

|01i
<latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit><latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit><latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit><latexit sha1_base64="a8Xg6M6Fb4I3rt+9tMzR/nJivzQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7AekoWy2k3bpZhN2N0KJ/RkevKh49dd49N+4bXPQ1gcDj/dmmJkXpoJr47rfTmljc2t7p7xb2ds/ODyqHp90dJIphm2WiET1QqpRcIltw43AXqqQxqHAbji5nfvdR1SaJ/LBTFMMYjqSPOKMGiv5T67XV1SOBFYG1Zpbdxcg68QrSA0KtAbVr/4wYVmM0jBBtfY9NzVBTpXhTOCs0s80ppRN6Ah9SyWNUQf54uQZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/zMxPdBDmXaWZQsuWiKBPEJGT+PxlyhcyIqSWUKW5vJWxMFWXGpmQz8FY/XiedRt1z6979Va3ZKNIowxmcwyV4cA1NuIMWtIFBAs/wCm+Odl6cd+dj2VpyiplT+APn8wfTQJCE</latexit>
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Algorithms
given by quantum circuits with 1- and 2-qubit gates

Qubits:
• Total Number of Qubits
• Number of Ancillas (“extra qubits”)

Gates:
• Total Number of Gates
• Depth of Circuit
• Number of T-Gates

Measurements:
• Total Number of Measurements
• Number of Consecutive Measurements (Error Correction)
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Quantum Computing in One Slide

Classical Randomized Algorithm:
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<latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit><latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit><latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit><latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit>
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2
<latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit><latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit><latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit><latexit sha1_base64="Y8qIWDPXs15tvbgtTAbwLJ85U/U=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/YA0lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7G5tb2zW9mr7h8cHh3XTk67Jsk04x2WyET3Q2q4FIp3UKDk/VRzGoeS98Lp3dzvPXFtRKIecZbyIKZjJSLBKFrJH0Sastwr8mYxrNXdhrsAWSdeSepQoj2sfQ1GCctirpBJaozvuSkGOdUomORFdZAZnlI2pWPuW6pozE2QL04uyKVVRiRKtC2FZKH+nshpbMwsDm1nTHFiVr25+J/nZxjdBrlQaYZcseWiKJMEEzL/n4yE5gzlzBLKtLC3EjahNgW0KVVtCN7qy+uk22x4bsN7uK63mmUcFTiHC7gCD26gBffQhg4wSOAZXuHNQefFeXc+lq0bTjlzBn/gfP4ANHCRIw==</latexit>

1
<latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit>

1
<latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit>

ip
2

<latexit sha1_base64="Ofxj9Ux5j0mWNxxPc/miAtIT6kk=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyTOSZpx8UZo08H9o1p+4sQNaJW5AaFGgN7S9vFLM05BEySbXuu06Cg4wqFEzyvOKlmieUTemY9w2NaMj1IFvcnpNzo4xIECtTEZKF+nsio6HWs9A3nSHFiV715uJ/Xj/F4HqQiShJkUdsuShIJcGYzIMgI6E4QzkzhDIlzK2ETagJA01cFROCu/ryOuk06q5Td+8ua81GEUcZTuEMLsCFK2jCLbSgDQye4Ble4c3KrRfr3fpYtpasYuYE/sD6/AHop5Tw</latexit><latexit sha1_base64="Ofxj9Ux5j0mWNxxPc/miAtIT6kk=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyTOSZpx8UZo08H9o1p+4sQNaJW5AaFGgN7S9vFLM05BEySbXuu06Cg4wqFEzyvOKlmieUTemY9w2NaMj1IFvcnpNzo4xIECtTEZKF+nsio6HWs9A3nSHFiV715uJ/Xj/F4HqQiShJkUdsuShIJcGYzIMgI6E4QzkzhDIlzK2ETagJA01cFROCu/ryOuk06q5Td+8ua81GEUcZTuEMLsCFK2jCLbSgDQye4Ble4c3KrRfr3fpYtpasYuYE/sD6/AHop5Tw</latexit><latexit sha1_base64="Ofxj9Ux5j0mWNxxPc/miAtIT6kk=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyTOSZpx8UZo08H9o1p+4sQNaJW5AaFGgN7S9vFLM05BEySbXuu06Cg4wqFEzyvOKlmieUTemY9w2NaMj1IFvcnpNzo4xIECtTEZKF+nsio6HWs9A3nSHFiV715uJ/Xj/F4HqQiShJkUdsuShIJcGYzIMgI6E4QzkzhDIlzK2ETagJA01cFROCu/ryOuk06q5Td+8ua81GEUcZTuEMLsCFK2jCLbSgDQye4Ble4c3KrRfr3fpYtpasYuYE/sD6/AHop5Tw</latexit><latexit sha1_base64="Ofxj9Ux5j0mWNxxPc/miAtIT6kk=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyTOSZpx8UZo08H9o1p+4sQNaJW5AaFGgN7S9vFLM05BEySbXuu06Cg4wqFEzyvOKlmieUTemY9w2NaMj1IFvcnpNzo4xIECtTEZKF+nsio6HWs9A3nSHFiV715uJ/Xj/F4HqQiShJkUdsuShIJcGYzIMgI6E4QzkzhDIlzK2ETagJA01cFROCu/ryOuk06q5Td+8ua81GEUcZTuEMLsCFK2jCLbSgDQye4Ble4c3KrRfr3fpYtpasYuYE/sD6/AHop5Tw</latexit>

1p
2

<latexit sha1_base64="D0GtR8VITnwZnjmwywZM5OwRidY=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyzM0zTz8ozBp5PrRrTt1ZgKwTtyA1KNAa2l/eKGZpyCNkkmrdd50EBxlVKJjkecVLNU8om9Ix7xsa0ZDrQba4PSfnRhmRIFamIiQL9fdERkOtZ6FvOkOKE73qzcX/vH6KwfUgE1GSIo/YclGQSoIxmQdBRkJxhnJmCGVKmFsJm1ATBpq4KiYEd/XlddJp1F2n7t5d1pqNIo4ynMIZXIALV9CEW2hBGxg8wTO8wpuVWy/Wu/WxbC1ZxcwJ/IH1+QORX5S4</latexit><latexit sha1_base64="D0GtR8VITnwZnjmwywZM5OwRidY=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyzM0zTz8ozBp5PrRrTt1ZgKwTtyA1KNAa2l/eKGZpyCNkkmrdd50EBxlVKJjkecVLNU8om9Ix7xsa0ZDrQba4PSfnRhmRIFamIiQL9fdERkOtZ6FvOkOKE73qzcX/vH6KwfUgE1GSIo/YclGQSoIxmQdBRkJxhnJmCGVKmFsJm1ATBpq4KiYEd/XlddJp1F2n7t5d1pqNIo4ynMIZXIALV9CEW2hBGxg8wTO8wpuVWy/Wu/WxbC1ZxcwJ/IH1+QORX5S4</latexit><latexit sha1_base64="D0GtR8VITnwZnjmwywZM5OwRidY=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyzM0zTz8ozBp5PrRrTt1ZgKwTtyA1KNAa2l/eKGZpyCNkkmrdd50EBxlVKJjkecVLNU8om9Ix7xsa0ZDrQba4PSfnRhmRIFamIiQL9fdERkOtZ6FvOkOKE73qzcX/vH6KwfUgE1GSIo/YclGQSoIxmQdBRkJxhnJmCGVKmFsJm1ATBpq4KiYEd/XlddJp1F2n7t5d1pqNIo4ynMIZXIALV9CEW2hBGxg8wTO8wpuVWy/Wu/WxbC1ZxcwJ/IH1+QORX5S4</latexit><latexit sha1_base64="D0GtR8VITnwZnjmwywZM5OwRidY=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbBD0GvHiMYB6QDWF2MpsMmX040yuGZX/FiwdFvPoj3vwbJ8keNLGgoajqprvLT6TQ6DjfVmljc2t7p7xb2ds/ODyyj6sdHaeK8TaLZax6PtVcioi3UaDkvURxGvqSd/3pzdzvPnKlRRzd4yzhg5COIxEIRtFIQ7vqBYqyzM0zTz8ozBp5PrRrTt1ZgKwTtyA1KNAa2l/eKGZpyCNkkmrdd50EBxlVKJjkecVLNU8om9Ix7xsa0ZDrQba4PSfnRhmRIFamIiQL9fdERkOtZ6FvOkOKE73qzcX/vH6KwfUgE1GSIo/YclGQSoIxmQdBRkJxhnJmCGVKmFsJm1ATBpq4KiYEd/XlddJp1F2n7t5d1pqNIo4ynMIZXIALV9CEW2hBGxg8wTO8wpuVWy/Wu/WxbC1ZxcwJ/IH1+QORX5S4</latexit>

�1
<latexit sha1_base64="6AoJOX8uRNLA5krgb5czeuaqLrk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx5g3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+vNGp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A98SjNw=</latexit><latexit sha1_base64="6AoJOX8uRNLA5krgb5czeuaqLrk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx5g3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+vNGp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A98SjNw=</latexit><latexit sha1_base64="6AoJOX8uRNLA5krgb5czeuaqLrk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx5g3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+vNGp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A98SjNw=</latexit><latexit sha1_base64="6AoJOX8uRNLA5krgb5czeuaqLrk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx5g3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+vNGp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A98SjNw=</latexit>

1
<latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit><latexit sha1_base64="6BdCZ9rIjzDp6dJGfLIxQA0sqAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyxuWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz91zYyl</latexit>

Pr[x] =

������

X

paths p to x

Y

edges e in p

↵e

������

2

<latexit sha1_base64="frvQrwNthfkuXQ3yKaJDoJfotbk="></latexit><latexit sha1_base64="frvQrwNthfkuXQ3yKaJDoJfotbk="></latexit><latexit sha1_base64="frvQrwNthfkuXQ3yKaJDoJfotbk="></latexit><latexit sha1_base64="frvQrwNthfkuXQ3yKaJDoJfotbk="></latexit>

Pr[x] =
X

paths p to x

Y

edges e in p

pe
<latexit sha1_base64="1erszTHQoHVfvdwiKIUqct54I3k="></latexit><latexit sha1_base64="1erszTHQoHVfvdwiKIUqct54I3k="></latexit><latexit sha1_base64="1erszTHQoHVfvdwiKIUqct54I3k="></latexit><latexit sha1_base64="1erszTHQoHVfvdwiKIUqct54I3k="></latexit>

Stochastic Matrices Unitary Matrices U�1 = U†
<latexit sha1_base64="mOC3uqG1QIURWgZcDBHdhyeeaXA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkRdCNUHDjsoJpC20sk8kkHTq5MDMRagi+ihsXirj1Pdz5Nk7bLLT1h4GP/5zDOfN7KWdSWda3sbS8srq2Xtmobm5t7+yae/ttmWSCUIckPBFdD0vKWUwdxRSn3VRQHHmcdrzR9aTeeaBCsiS+U+OUuhEOYxYwgpW2Buahc5+f2QW6Qhr6Pg5DKoqBWbPq1lRoEewSalCqNTC/+n5CsojGinAsZc+2UuXmWChGOC2q/UzSFJMRDmlPY4wjKt18en2BTrTjoyAR+sUKTd3fEzmOpBxHnu6MsBrK+drE/K/Wy1Rw6eYsTjNFYzJbFGQcqQRNokA+E5QoPtaAiWD6VkSGWGCidGBVHYI9/+VFaDfqtlW3b89rzUYZRwWO4BhOwYYLaMINtMABAo/wDK/wZjwZL8a78TFrXTLKmQP4I+PzBy4GlFo=</latexit><latexit sha1_base64="mOC3uqG1QIURWgZcDBHdhyeeaXA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkRdCNUHDjsoJpC20sk8kkHTq5MDMRagi+ihsXirj1Pdz5Nk7bLLT1h4GP/5zDOfN7KWdSWda3sbS8srq2Xtmobm5t7+yae/ttmWSCUIckPBFdD0vKWUwdxRSn3VRQHHmcdrzR9aTeeaBCsiS+U+OUuhEOYxYwgpW2Buahc5+f2QW6Qhr6Pg5DKoqBWbPq1lRoEewSalCqNTC/+n5CsojGinAsZc+2UuXmWChGOC2q/UzSFJMRDmlPY4wjKt18en2BTrTjoyAR+sUKTd3fEzmOpBxHnu6MsBrK+drE/K/Wy1Rw6eYsTjNFYzJbFGQcqQRNokA+E5QoPtaAiWD6VkSGWGCidGBVHYI9/+VFaDfqtlW3b89rzUYZRwWO4BhOwYYLaMINtMABAo/wDK/wZjwZL8a78TFrXTLKmQP4I+PzBy4GlFo=</latexit><latexit sha1_base64="mOC3uqG1QIURWgZcDBHdhyeeaXA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkRdCNUHDjsoJpC20sk8kkHTq5MDMRagi+ihsXirj1Pdz5Nk7bLLT1h4GP/5zDOfN7KWdSWda3sbS8srq2Xtmobm5t7+yae/ttmWSCUIckPBFdD0vKWUwdxRSn3VRQHHmcdrzR9aTeeaBCsiS+U+OUuhEOYxYwgpW2Buahc5+f2QW6Qhr6Pg5DKoqBWbPq1lRoEewSalCqNTC/+n5CsojGinAsZc+2UuXmWChGOC2q/UzSFJMRDmlPY4wjKt18en2BTrTjoyAR+sUKTd3fEzmOpBxHnu6MsBrK+drE/K/Wy1Rw6eYsTjNFYzJbFGQcqQRNokA+E5QoPtaAiWD6VkSGWGCidGBVHYI9/+VFaDfqtlW3b89rzUYZRwWO4BhOwYYLaMINtMABAo/wDK/wZjwZL8a78TFrXTLKmQP4I+PzBy4GlFo=</latexit><latexit sha1_base64="mOC3uqG1QIURWgZcDBHdhyeeaXA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkRdCNUHDjsoJpC20sk8kkHTq5MDMRagi+ihsXirj1Pdz5Nk7bLLT1h4GP/5zDOfN7KWdSWda3sbS8srq2Xtmobm5t7+yae/ttmWSCUIckPBFdD0vKWUwdxRSn3VRQHHmcdrzR9aTeeaBCsiS+U+OUuhEOYxYwgpW2Buahc5+f2QW6Qhr6Pg5DKoqBWbPq1lRoEewSalCqNTC/+n5CsojGinAsZc+2UuXmWChGOC2q/UzSFJMRDmlPY4wjKt18en2BTrTjoyAR+sUKTd3fEzmOpBxHnu6MsBrK+drE/K/Wy1Rw6eYsTjNFYzJbFGQcqQRNokA+E5QoPtaAiWD6VkSGWGCidGBVHYI9/+VFaDfqtlW3b89rzUYZRwWO4BhOwYYLaMINtMABAo/wDK/wZjwZL8a78TFrXTLKmQP4I+PzBy4GlFo=</latexit>

Quantum Algorithm:

00

10 01

00 11
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3SAT: hard to solve, easy to verify

Only one solution: (x1, x2, x3) = (0, 1, 1)
<latexit sha1_base64="l9Yq8Yr3meie2UkCtx/6ixWPsTY=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCC6VMqqAboeDGZQX7gHYYMmnahmYyQ5KRlqFu/BU3LhRx61+482/MtLPQ1gMXDufcy733+BFnSjvOt7Wyura+sZnbym/v7O7t2weHTRXGktAGCXko2z5WlDNBG5ppTtuRpDjwOW35o5vUbz1QqVgo7vUkom6AB4L1GcHaSJ59XBx7qDz2qqbOS/AaFp0yKqNS3rMLTsWZAS4TlJECyFD37K9uLyRxQIUmHCvVQU6k3QRLzQin03w3VjTCZIQHtGOowAFVbjL7YArPjNKD/VCaEhrO1N8TCQ6UmgS+6QywHqpFLxX/8zqx7l+5CRNRrKkg80X9mEMdwjQO2GOSEs0nhmAimbkVkiGWmGgTWhoCWnx5mTSrFeRU0N1FoVbN4siBE3AKigCBS1ADt6AOGoCAR/AMXsGb9WS9WO/Wx7x1xcpmjsAfWJ8/oKuTEQ==</latexit><latexit sha1_base64="l9Yq8Yr3meie2UkCtx/6ixWPsTY=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCC6VMqqAboeDGZQX7gHYYMmnahmYyQ5KRlqFu/BU3LhRx61+482/MtLPQ1gMXDufcy733+BFnSjvOt7Wyura+sZnbym/v7O7t2weHTRXGktAGCXko2z5WlDNBG5ppTtuRpDjwOW35o5vUbz1QqVgo7vUkom6AB4L1GcHaSJ59XBx7qDz2qqbOS/AaFp0yKqNS3rMLTsWZAS4TlJECyFD37K9uLyRxQIUmHCvVQU6k3QRLzQin03w3VjTCZIQHtGOowAFVbjL7YArPjNKD/VCaEhrO1N8TCQ6UmgS+6QywHqpFLxX/8zqx7l+5CRNRrKkg80X9mEMdwjQO2GOSEs0nhmAimbkVkiGWmGgTWhoCWnx5mTSrFeRU0N1FoVbN4siBE3AKigCBS1ADt6AOGoCAR/AMXsGb9WS9WO/Wx7x1xcpmjsAfWJ8/oKuTEQ==</latexit><latexit sha1_base64="l9Yq8Yr3meie2UkCtx/6ixWPsTY=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCC6VMqqAboeDGZQX7gHYYMmnahmYyQ5KRlqFu/BU3LhRx61+482/MtLPQ1gMXDufcy733+BFnSjvOt7Wyura+sZnbym/v7O7t2weHTRXGktAGCXko2z5WlDNBG5ppTtuRpDjwOW35o5vUbz1QqVgo7vUkom6AB4L1GcHaSJ59XBx7qDz2qqbOS/AaFp0yKqNS3rMLTsWZAS4TlJECyFD37K9uLyRxQIUmHCvVQU6k3QRLzQin03w3VjTCZIQHtGOowAFVbjL7YArPjNKD/VCaEhrO1N8TCQ6UmgS+6QywHqpFLxX/8zqx7l+5CRNRrKkg80X9mEMdwjQO2GOSEs0nhmAimbkVkiGWmGgTWhoCWnx5mTSrFeRU0N1FoVbN4siBE3AKigCBS1ADt6AOGoCAR/AMXsGb9WS9WO/Wx7x1xcpmjsAfWJ8/oKuTEQ==</latexit><latexit sha1_base64="l9Yq8Yr3meie2UkCtx/6ixWPsTY=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCC6VMqqAboeDGZQX7gHYYMmnahmYyQ5KRlqFu/BU3LhRx61+482/MtLPQ1gMXDufcy733+BFnSjvOt7Wyura+sZnbym/v7O7t2weHTRXGktAGCXko2z5WlDNBG5ppTtuRpDjwOW35o5vUbz1QqVgo7vUkom6AB4L1GcHaSJ59XBx7qDz2qqbOS/AaFp0yKqNS3rMLTsWZAS4TlJECyFD37K9uLyRxQIUmHCvVQU6k3QRLzQin03w3VjTCZIQHtGOowAFVbjL7YArPjNKD/VCaEhrO1N8TCQ6UmgS+6QywHqpFLxX/8zqx7l+5CRNRrKkg80X9mEMdwjQO2GOSEs0nhmAimbkVkiGWmGgTWhoCWnx5mTSrFeRU0N1FoVbN4siBE3AKigCBS1ADt6AOGoCAR/AMXsGb9WS9WO/Wx7x1xcpmjsAfWJ8/oKuTEQ==</latexit>

|x1i

Uf

|x1i

|x2i |x2i

|x3i |x3i

|bi |b� f(x)i
<latexit sha1_base64="SvInqFpR+TdQtw9kwTUyA2LaufE="></latexit><latexit sha1_base64="SvInqFpR+TdQtw9kwTUyA2LaufE="></latexit><latexit sha1_base64="SvInqFpR+TdQtw9kwTUyA2LaufE="></latexit><latexit sha1_base64="SvInqFpR+TdQtw9kwTUyA2LaufE="></latexit>

|0i H

Uf

7P
k=0

(�1)f(x)|ki
p
8

|0i H

|0i H

|�i |�i
<latexit sha1_base64="fwAAjDn62Z0y71Wk7SHt/g7QrHM="></latexit><latexit sha1_base64="fwAAjDn62Z0y71Wk7SHt/g7QrHM="></latexit><latexit sha1_base64="fwAAjDn62Z0y71Wk7SHt/g7QrHM="></latexit><latexit sha1_base64="fwAAjDn62Z0y71Wk7SHt/g7QrHM="></latexit>

f(x) = f(x1, x2, x3) = (x1) ^ (x1 _ x2 _ x3) ^ (x1 _ x2)
<latexit sha1_base64="tsoKV3JcZDV13KVbGWur8JgPw3o="></latexit><latexit sha1_base64="tsoKV3JcZDV13KVbGWur8JgPw3o="></latexit><latexit sha1_base64="tsoKV3JcZDV13KVbGWur8JgPw3o="></latexit><latexit sha1_base64="tsoKV3JcZDV13KVbGWur8JgPw3o="></latexit>

Classical
Circuit

(irreversible)

x1

Cfx2 f(x)

x3
<latexit sha1_base64="lGF1KasiCWCDCakuFx1wyHSV5WA="></latexit><latexit sha1_base64="lGF1KasiCWCDCakuFx1wyHSV5WA="></latexit><latexit sha1_base64="lGF1KasiCWCDCakuFx1wyHSV5WA="></latexit><latexit sha1_base64="lGF1KasiCWCDCakuFx1wyHSV5WA="></latexit>

Quantum
Circuit

(reversible)

Phase
Kickback

|0� 1i � |1� 1ip
2

=
|1i � |0ip

2
= � |0i � |1ip

2
<latexit sha1_base64="OWvL973u3L4VxBb1nGlWIQFJcCE="></latexit><latexit sha1_base64="OWvL973u3L4VxBb1nGlWIQFJcCE="></latexit><latexit sha1_base64="OWvL973u3L4VxBb1nGlWIQFJcCE="></latexit><latexit sha1_base64="OWvL973u3L4VxBb1nGlWIQFJcCE="></latexit>
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Amplitude Amplification

|0i H

Uf

|0i H

|0i H

|�i |�i
<latexit sha1_base64="CpS4GVBiYAw9ZlxEd9hiUH9QqKo="></latexit><latexit sha1_base64="CpS4GVBiYAw9ZlxEd9hiUH9QqKo="></latexit><latexit sha1_base64="CpS4GVBiYAw9ZlxEd9hiUH9QqKo="></latexit><latexit sha1_base64="CpS4GVBiYAw9ZlxEd9hiUH9QqKo="></latexit>

|0i H

Uf

H H

|0i H H H

|0i H H Z H

|�i |�i
<latexit sha1_base64="lhmasYRnJtLiWGPm8eUdC5pu9gU="></latexit><latexit sha1_base64="lhmasYRnJtLiWGPm8eUdC5pu9gU="></latexit><latexit sha1_base64="lhmasYRnJtLiWGPm8eUdC5pu9gU="></latexit><latexit sha1_base64="lhmasYRnJtLiWGPm8eUdC5pu9gU="></latexit>

|si
<latexit sha1_base64="RWUBBGztHf+h5hv+B++NADmnsgA=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMyuEmK/w4kERr36ON//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWI2rDE3VvxymGkg4Ujzmj1kkPT6arqRoI7JXKfsWfg6ySICdlyFHvlb66/YRlEpVlghrTCfzUhhOqLWcCp8VuZjClbEQH2HFUUYkmnMwPnpJzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GRRdCsPzyKmlWK4FfCe4uy7VqHkcBTuEMLiCAK6jBLdShAQwkPMMrvHnae/HevY9F65qXz5zAH3ifPxfJkIg=</latexit><latexit sha1_base64="RWUBBGztHf+h5hv+B++NADmnsgA=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMyuEmK/w4kERr36ON//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWI2rDE3VvxymGkg4Ujzmj1kkPT6arqRoI7JXKfsWfg6ySICdlyFHvlb66/YRlEpVlghrTCfzUhhOqLWcCp8VuZjClbEQH2HFUUYkmnMwPnpJzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GRRdCsPzyKmlWK4FfCe4uy7VqHkcBTuEMLiCAK6jBLdShAQwkPMMrvHnae/HevY9F65qXz5zAH3ifPxfJkIg=</latexit><latexit sha1_base64="RWUBBGztHf+h5hv+B++NADmnsgA=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMyuEmK/w4kERr36ON//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWI2rDE3VvxymGkg4Ujzmj1kkPT6arqRoI7JXKfsWfg6ySICdlyFHvlb66/YRlEpVlghrTCfzUhhOqLWcCp8VuZjClbEQH2HFUUYkmnMwPnpJzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GRRdCsPzyKmlWK4FfCe4uy7VqHkcBTuEMLiCAK6jBLdShAQwkPMMrvHnae/HevY9F65qXz5zAH3ifPxfJkIg=</latexit><latexit sha1_base64="RWUBBGztHf+h5hv+B++NADmnsgA=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMyuEmK/w4kERr36ON//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWI2rDE3VvxymGkg4Ujzmj1kkPT6arqRoI7JXKfsWfg6ySICdlyFHvlb66/YRlEpVlghrTCfzUhhOqLWcCp8VuZjClbEQH2HFUUYkmnMwPnpJzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GRRdCsPzyKmlWK4FfCe4uy7VqHkcBTuEMLiCAK6jBLdShAQwkPMMrvHnae/HevY9F65qXz5zAH3ifPxfJkIg=</latexit>

|+i⌦n
<latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit><latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit><latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit><latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit>

|+i⌦n � |si
<latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit><latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit><latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit><latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit>

Reflection at
|+i⌦n � |si

<latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit><latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit><latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit><latexit sha1_base64="Wj+r5LiLPMjN/nHucrkm4jliCiA=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBZBEEtSBD0WvHisYD+giWWz3bRLN5uwuxFK2rMX/4oXD4p49Rd489+4bXPQ6oOBx3szzMwLEs6Udpwvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXDq6nfuqdSsVjc6lFC/Qj3BQsZwdpIXftwfOpJLPqc3mVerFlEFRITdIbGKte7dtmpODOgv8TNSRly1Lv2p9eLSRpRoQnHSnVcJ9F+hqVmhNNJyUsVTTAZ4j7tGCqw2elns1cm6NgoPRTG0pTQaKb+nMhwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZkvClOOdIymuaAek5RoPjIEE8nMrYgMsMREm/RKJgR38eW/pFmtuE7FvTkv16p5HEU4gCM4ARcuoAbXUIcGEHiAJ3iBV+vRerberPd5a8HKZ/bhF6yPb/+qmmM=</latexit>

Reflection at
|+i⌦n

<latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit><latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit><latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit><latexit sha1_base64="dcXIjH0esoykzxDgesLfBgXu814=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EiCELZLYIeC148VrAf0F1LNk3b0GyyJFmhrAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRclnGnjed9OYWV1bX2juFna2t7Z3XP3D5paporQBpFcqnaENeVM0IZhhtN2oiiOI05b0eh66rceqNJMijszTmgY44FgfUawsVLXPXo8DxQWA07vs0AaFlONxKTrlr2KNwNaJn5OypCj3nW/gp4kaUyFIRxr3fG9xIQZVoYRTielINU0wWSEB7RjqcB2T5jNzp+gU6v0UF8qW8Kgmfp7IsOx1uM4sp0xNkO96E3F/7xOavpXYcZEkhoqyHxRP+XISDTNAvWYosTwsSWYKGZvRWSIFSbGJlayIfiLLy+TZrXiexX/9qJcq+ZxFOEYTuAMfLiEGtxAHRpAIINneIU358l5cd6dj3lrwclnDuEPnM8fbxmVug==</latexit>

✓/2
<latexit sha1_base64="xOqt/sBVzSQagkQX6Y34y8V/qDU=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81aQIeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWandpRESu6z2SmWv4s3hrhI/J2XIUe+Vvrr9mKcRKuKSGdPxvYSCjGkSXOK02E0NJoyP2RA7lioWoQmy+b1T99wqfXcQa1uK3Ln6eyJjkTGTKLSdEaORWfZm4n9eJ6XBTZAJlaSEii8WDVLpUuzOnnf7QiMnObGEcS3srS4fMc042YiKNgR/+eVV0qxWfK/i31+Va9U8jgKcwhlcgA/XUIM7qEMDOEh4hld4cx6dF+fd+Vi0rjn5zAn8gfP5A4Erj40=</latexit><latexit sha1_base64="xOqt/sBVzSQagkQX6Y34y8V/qDU=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81aQIeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWandpRESu6z2SmWv4s3hrhI/J2XIUe+Vvrr9mKcRKuKSGdPxvYSCjGkSXOK02E0NJoyP2RA7lioWoQmy+b1T99wqfXcQa1uK3Ln6eyJjkTGTKLSdEaORWfZm4n9eJ6XBTZAJlaSEii8WDVLpUuzOnnf7QiMnObGEcS3srS4fMc042YiKNgR/+eVV0qxWfK/i31+Va9U8jgKcwhlcgA/XUIM7qEMDOEh4hld4cx6dF+fd+Vi0rjn5zAn8gfP5A4Erj40=</latexit><latexit sha1_base64="xOqt/sBVzSQagkQX6Y34y8V/qDU=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81aQIeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWandpRESu6z2SmWv4s3hrhI/J2XIUe+Vvrr9mKcRKuKSGdPxvYSCjGkSXOK02E0NJoyP2RA7lioWoQmy+b1T99wqfXcQa1uK3Ln6eyJjkTGTKLSdEaORWfZm4n9eJ6XBTZAJlaSEii8WDVLpUuzOnnf7QiMnObGEcS3srS4fMc042YiKNgR/+eVV0qxWfK/i31+Va9U8jgKcwhlcgA/XUIM7qEMDOEh4hld4cx6dF+fd+Vi0rjn5zAn8gfP5A4Erj40=</latexit><latexit sha1_base64="xOqt/sBVzSQagkQX6Y34y8V/qDU=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81aQIeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWandpRESu6z2SmWv4s3hrhI/J2XIUe+Vvrr9mKcRKuKSGdPxvYSCjGkSXOK02E0NJoyP2RA7lioWoQmy+b1T99wqfXcQa1uK3Ln6eyJjkTGTKLSdEaORWfZm4n9eJ6XBTZAJlaSEii8WDVLpUuzOnnf7QiMnObGEcS3srS4fMc042YiKNgR/+eVV0qxWfK/i31+Va9U8jgKcwhlcgA/XUIM7qEMDOEh4hld4cx6dF+fd+Vi0rjn5zAn8gfP5A4Erj40=</latexit>

✓
<latexit sha1_base64="LXSb8/PweA/P/EtNx+K6u7x6Kvs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5id9CZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZDk2upTadiFmQQkETBUropAZYEkloR+Pbud9+AmOFVg84SSFM2FCJWHCGTmr1cATI+uWKX/UXoOskyEmF5Gj0y1+9geZZAgq5ZNZ2Az/FcMoMCi5hVuplFlLGx2wIXUcVS8CG08W1M3rhlAGNtXGlkC7U3xNTllg7SSLXmTAc2VVvLv7ndTOMb8KpUGmGoPhyUZxJiprOX6cDYYCjnDjCuBHuVspHzDCOLqCSCyFYfXmdtGrVwK8G91eVei2Po0jOyDm5JAG5JnVyRxqkSTh5JM/klbx52nvx3r2PZWvBy2dOyR94nz+fJ48Y</latexit><latexit sha1_base64="LXSb8/PweA/P/EtNx+K6u7x6Kvs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5id9CZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZDk2upTadiFmQQkETBUropAZYEkloR+Pbud9+AmOFVg84SSFM2FCJWHCGTmr1cATI+uWKX/UXoOskyEmF5Gj0y1+9geZZAgq5ZNZ2Az/FcMoMCi5hVuplFlLGx2wIXUcVS8CG08W1M3rhlAGNtXGlkC7U3xNTllg7SSLXmTAc2VVvLv7ndTOMb8KpUGmGoPhyUZxJiprOX6cDYYCjnDjCuBHuVspHzDCOLqCSCyFYfXmdtGrVwK8G91eVei2Po0jOyDm5JAG5JnVyRxqkSTh5JM/klbx52nvx3r2PZWvBy2dOyR94nz+fJ48Y</latexit><latexit sha1_base64="LXSb8/PweA/P/EtNx+K6u7x6Kvs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5id9CZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZDk2upTadiFmQQkETBUropAZYEkloR+Pbud9+AmOFVg84SSFM2FCJWHCGTmr1cATI+uWKX/UXoOskyEmF5Gj0y1+9geZZAgq5ZNZ2Az/FcMoMCi5hVuplFlLGx2wIXUcVS8CG08W1M3rhlAGNtXGlkC7U3xNTllg7SSLXmTAc2VVvLv7ndTOMb8KpUGmGoPhyUZxJiprOX6cDYYCjnDjCuBHuVspHzDCOLqCSCyFYfXmdtGrVwK8G91eVei2Po0jOyDm5JAG5JnVyRxqkSTh5JM/klbx52nvx3r2PZWvBy2dOyR94nz+fJ48Y</latexit><latexit sha1_base64="LXSb8/PweA/P/EtNx+K6u7x6Kvs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5id9CZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZDk2upTadiFmQQkETBUropAZYEkloR+Pbud9+AmOFVg84SSFM2FCJWHCGTmr1cATI+uWKX/UXoOskyEmF5Gj0y1+9geZZAgq5ZNZ2Az/FcMoMCi5hVuplFlLGx2wIXUcVS8CG08W1M3rhlAGNtXGlkC7U3xNTllg7SSLXmTAc2VVvLv7ndTOMb8KpUGmGoPhyUZxJiprOX6cDYYCjnDjCuBHuVspHzDCOLqCSCyFYfXmdtGrVwK8G91eVei2Po0jOyDm5JAG5JnVyRxqkSTh5JM/klbx52nvx3r2PZWvBy2dOyR94nz+fJ48Y</latexit>

sin(✓/2) =
1p
N

) ✓ ⇡ 2p
N

<latexit sha1_base64="WVJ7i6kF7Lcl1+weGnRZRjWfOeg="></latexit><latexit sha1_base64="WVJ7i6kF7Lcl1+weGnRZRjWfOeg="></latexit><latexit sha1_base64="WVJ7i6kF7Lcl1+weGnRZRjWfOeg="></latexit><latexit sha1_base64="WVJ7i6kF7Lcl1+weGnRZRjWfOeg="></latexit>

Rotation Angle:

⇠ ⇡

4

p
N

<latexit sha1_base64="0Gj4739Kox+yHJa5oyuilzj6ZSs=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRgj0WvHiSCrYVmlA22027dDeJuxuhhIAX/4oXD4p49U9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81jeBVhRziLa1kxzepdIikXAaTcYX0797gOVisXRrZ4k1Bd4GLGQEayN1LePPMUE8kKJSeYlLM/quafupc6u875ddWrODGiZuAWpQoFW3/7yBjFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dnshxydGmWAwliaijSaqb8nMiyUmojAdAqsR2rRm4r/eb1Uhw0/Y1GSahqR+aIw5UjHaBoIGjBJieYTQzCRzNyKyAibPLSJrWJCcBdfXiad85rr1NyberXZKOIowzGcwBm4cAFNuIIWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AsF6YJw==</latexit><latexit sha1_base64="0Gj4739Kox+yHJa5oyuilzj6ZSs=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRgj0WvHiSCrYVmlA22027dDeJuxuhhIAX/4oXD4p49U9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81jeBVhRziLa1kxzepdIikXAaTcYX0797gOVisXRrZ4k1Bd4GLGQEayN1LePPMUE8kKJSeYlLM/quafupc6u875ddWrODGiZuAWpQoFW3/7yBjFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dnshxydGmWAwliaijSaqb8nMiyUmojAdAqsR2rRm4r/eb1Uhw0/Y1GSahqR+aIw5UjHaBoIGjBJieYTQzCRzNyKyAibPLSJrWJCcBdfXiad85rr1NyberXZKOIowzGcwBm4cAFNuIIWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AsF6YJw==</latexit><latexit sha1_base64="0Gj4739Kox+yHJa5oyuilzj6ZSs=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRgj0WvHiSCrYVmlA22027dDeJuxuhhIAX/4oXD4p49U9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81jeBVhRziLa1kxzepdIikXAaTcYX0797gOVisXRrZ4k1Bd4GLGQEayN1LePPMUE8kKJSeYlLM/quafupc6u875ddWrODGiZuAWpQoFW3/7yBjFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dnshxydGmWAwliaijSaqb8nMiyUmojAdAqsR2rRm4r/eb1Uhw0/Y1GSahqR+aIw5UjHaBoIGjBJieYTQzCRzNyKyAibPLSJrWJCcBdfXiad85rr1NyberXZKOIowzGcwBm4cAFNuIIWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AsF6YJw==</latexit><latexit sha1_base64="0Gj4739Kox+yHJa5oyuilzj6ZSs=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRgj0WvHiSCrYVmlA22027dDeJuxuhhIAX/4oXD4p49U9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmlldW19o7xZ2dre2d2z9w86Kk4loW0S81jeBVhRziLa1kxzepdIikXAaTcYX0797gOVisXRrZ4k1Bd4GLGQEayN1LePPMUE8kKJSeYlLM/quafupc6u875ddWrODGiZuAWpQoFW3/7yBjFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dnshxydGmWAwliaijSaqb8nMiyUmojAdAqsR2rRm4r/eb1Uhw0/Y1GSahqR+aIw5UjHaBoIGjBJieYTQzCRzNyKyAibPLSJrWJCcBdfXiad85rr1NyberXZKOIowzGcwBm4cAFNuIIWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AsF6YJw==</latexit>

Repetitions:



Los Alamos National Laboratory

LLNL CASIS Quantum Sensing and Information Processing Series   |   16Andreas Bärtschi, NSEC / CNLS, baertschi@lanl.gov

Quantum Search (Grover)
Searching over all Function Inputs with Iterations O(

p

N)
<latexit sha1_base64="hDHJwIRjFwBLs9awjYkeZtoLKxo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCHZZcONKK9gHNKFMppN26OThzI1QQsBfceNCEbd+hzv/xkmbhbYeGDiccy/3zPFiwRVY1rdRWlldW98ob1a2tnd298z9g46KEklZm0Yikj2PKCZ4yNrAQbBeLBkJPMG63uQq97uPTCoehfcwjZkbkFHIfU4JaGlgHjkBgTElIr3Nao56kJDeZGcDs2rVrRnwMrELUkUFWgPzyxlGNAlYCFQQpfq2FYObEgmcCpZVnESxmNAJGbG+piEJmHLTWfwMn2pliP1I6hcCnqm/N1ISKDUNPD2Zh1WLXi7+5/UT8BtuysM4ARbS+SE/ERginHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfjlZdI5r9tW3b67qDYbRR1ldIxOUA3Z6BI10TVqoTaiKEXP6BW9GU/Gi/FufMxHS0axc4j+wPj8AVWAla0=</latexit><latexit sha1_base64="hDHJwIRjFwBLs9awjYkeZtoLKxo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCHZZcONKK9gHNKFMppN26OThzI1QQsBfceNCEbd+hzv/xkmbhbYeGDiccy/3zPFiwRVY1rdRWlldW98ob1a2tnd298z9g46KEklZm0Yikj2PKCZ4yNrAQbBeLBkJPMG63uQq97uPTCoehfcwjZkbkFHIfU4JaGlgHjkBgTElIr3Nao56kJDeZGcDs2rVrRnwMrELUkUFWgPzyxlGNAlYCFQQpfq2FYObEgmcCpZVnESxmNAJGbG+piEJmHLTWfwMn2pliP1I6hcCnqm/N1ISKDUNPD2Zh1WLXi7+5/UT8BtuysM4ARbS+SE/ERginHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfjlZdI5r9tW3b67qDYbRR1ldIxOUA3Z6BI10TVqoTaiKEXP6BW9GU/Gi/FufMxHS0axc4j+wPj8AVWAla0=</latexit><latexit sha1_base64="hDHJwIRjFwBLs9awjYkeZtoLKxo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCHZZcONKK9gHNKFMppN26OThzI1QQsBfceNCEbd+hzv/xkmbhbYeGDiccy/3zPFiwRVY1rdRWlldW98ob1a2tnd298z9g46KEklZm0Yikj2PKCZ4yNrAQbBeLBkJPMG63uQq97uPTCoehfcwjZkbkFHIfU4JaGlgHjkBgTElIr3Nao56kJDeZGcDs2rVrRnwMrELUkUFWgPzyxlGNAlYCFQQpfq2FYObEgmcCpZVnESxmNAJGbG+piEJmHLTWfwMn2pliP1I6hcCnqm/N1ISKDUNPD2Zh1WLXi7+5/UT8BtuysM4ARbS+SE/ERginHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfjlZdI5r9tW3b67qDYbRR1ldIxOUA3Z6BI10TVqoTaiKEXP6BW9GU/Gi/FufMxHS0axc4j+wPj8AVWAla0=</latexit><latexit sha1_base64="hDHJwIRjFwBLs9awjYkeZtoLKxo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCHZZcONKK9gHNKFMppN26OThzI1QQsBfceNCEbd+hzv/xkmbhbYeGDiccy/3zPFiwRVY1rdRWlldW98ob1a2tnd298z9g46KEklZm0Yikj2PKCZ4yNrAQbBeLBkJPMG63uQq97uPTCoehfcwjZkbkFHIfU4JaGlgHjkBgTElIr3Nao56kJDeZGcDs2rVrRnwMrELUkUFWgPzyxlGNAlYCFQQpfq2FYObEgmcCpZVnESxmNAJGbG+piEJmHLTWfwMn2pliP1I6hcCnqm/N1ISKDUNPD2Zh1WLXi7+5/UT8BtuysM4ARbS+SE/ERginHeBh1wyCmKqCaGS66yYjokkFHRjFV2CvfjlZdI5r9tW3b67qDYbRR1ldIxOUA3Z6BI10TVqoTaiKEXP6BW9GU/Gi/FufMxHS0axc4j+wPj8AVWAla0=</latexit>

Details
• What when there are     items?

Iterations

• Grover is known to be optimal
(in black-box sense).

• 3SAT Grover
• vs. Schöning Randomized Alg.

with rounds of 
success probability

• Use Amplification 

M
<latexit sha1_base64="m6e6EeyL+DBIzESt16zLv45xVnU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6adeqnlv1mleVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/oD2MwQ==</latexit><latexit sha1_base64="m6e6EeyL+DBIzESt16zLv45xVnU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6adeqnlv1mleVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/oD2MwQ==</latexit><latexit sha1_base64="m6e6EeyL+DBIzESt16zLv45xVnU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6adeqnlv1mleVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/oD2MwQ==</latexit><latexit sha1_base64="m6e6EeyL+DBIzESt16zLv45xVnU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6adeqnlv1mleVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/oD2MwQ==</latexit>

) O(
p
N/M)

<latexit sha1_base64="T/n8TuD/M/k01E3gfLys3OS8zaY=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5oUQZcFN27UKvYBTSiT6aQdOnk4c6OUkA9w46+4caGIWz/AnX/jpO1CWw8MHM45l7n3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dpgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru8CzzW/dMKh4GtzCKmOOTfsA9TgloqVss2Te8PwAiZfiAbZ/AgBKRXKVlW91JSC6PLtJDnTIr5hh4nlhTUkJT1LvFL7sX0thnAVBBlOpYZgROQiRwKlhasGPFIkKHpM86mgbEZ8pJxsek+EArPeyFUr8A8Fj9PZEQX6mR7+pktq6a9TLxP68Tg3fqJDyIYmABnXzkxQJDiLNmcI9LRkGMNCFUcr0rpgMiCQXdX0GXYM2ePE+a1YplVqzr41KtOq0jj/bQPiojC52gGjpHddRAFD2iZ/SK3own48V4Nz4m0ZwxndlFf2B8/gC4d5tU</latexit><latexit sha1_base64="T/n8TuD/M/k01E3gfLys3OS8zaY=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5oUQZcFN27UKvYBTSiT6aQdOnk4c6OUkA9w46+4caGIWz/AnX/jpO1CWw8MHM45l7n3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dpgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru8CzzW/dMKh4GtzCKmOOTfsA9TgloqVss2Te8PwAiZfiAbZ/AgBKRXKVlW91JSC6PLtJDnTIr5hh4nlhTUkJT1LvFL7sX0thnAVBBlOpYZgROQiRwKlhasGPFIkKHpM86mgbEZ8pJxsek+EArPeyFUr8A8Fj9PZEQX6mR7+pktq6a9TLxP68Tg3fqJDyIYmABnXzkxQJDiLNmcI9LRkGMNCFUcr0rpgMiCQXdX0GXYM2ePE+a1YplVqzr41KtOq0jj/bQPiojC52gGjpHddRAFD2iZ/SK3own48V4Nz4m0ZwxndlFf2B8/gC4d5tU</latexit><latexit sha1_base64="T/n8TuD/M/k01E3gfLys3OS8zaY=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5oUQZcFN27UKvYBTSiT6aQdOnk4c6OUkA9w46+4caGIWz/AnX/jpO1CWw8MHM45l7n3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dpgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru8CzzW/dMKh4GtzCKmOOTfsA9TgloqVss2Te8PwAiZfiAbZ/AgBKRXKVlW91JSC6PLtJDnTIr5hh4nlhTUkJT1LvFL7sX0thnAVBBlOpYZgROQiRwKlhasGPFIkKHpM86mgbEZ8pJxsek+EArPeyFUr8A8Fj9PZEQX6mR7+pktq6a9TLxP68Tg3fqJDyIYmABnXzkxQJDiLNmcI9LRkGMNCFUcr0rpgMiCQXdX0GXYM2ePE+a1YplVqzr41KtOq0jj/bQPiojC52gGjpHddRAFD2iZ/SK3own48V4Nz4m0ZwxndlFf2B8/gC4d5tU</latexit><latexit sha1_base64="T/n8TuD/M/k01E3gfLys3OS8zaY=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5oUQZcFN27UKvYBTSiT6aQdOnk4c6OUkA9w46+4caGIWz/AnX/jpO1CWw8MHM45l7n3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dpgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru8CzzW/dMKh4GtzCKmOOTfsA9TgloqVss2Te8PwAiZfiAbZ/AgBKRXKVlW91JSC6PLtJDnTIr5hh4nlhTUkJT1LvFL7sX0thnAVBBlOpYZgROQiRwKlhasGPFIkKHpM86mgbEZ8pJxsek+EArPeyFUr8A8Fj9PZEQX6mR7+pktq6a9TLxP68Tg3fqJDyIYmABnXzkxQJDiLNmcI9LRkGMNCFUcr0rpgMiCQXdX0GXYM2ePE+a1YplVqzr41KtOq0jj/bQPiojC52gGjpHddRAFD2iZ/SK3own48V4Nz4m0ZwxndlFf2B8/gC4d5tU</latexit>

Applications
• Database Search?

needs Quantum Memory…

• Quantum Speedups for 
Dynamic Programming

• Distributed QC
• Sublinear Diameter Computation 

in CONGEST model

Quantum Speedup: Polynomial

eO(
p
2n) ⇡ eO(1.41n)

<latexit sha1_base64="gCbkVmiElaAMyOHhgTGgZoa++WI="></latexit><latexit sha1_base64="gCbkVmiElaAMyOHhgTGgZoa++WI="></latexit><latexit sha1_base64="gCbkVmiElaAMyOHhgTGgZoa++WI="></latexit><latexit sha1_base64="gCbkVmiElaAMyOHhgTGgZoa++WI="></latexit>

⇡ eO(1.34n)
<latexit sha1_base64="5JxSRYgvwlf+AEJWzKKHbySyp2w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMTdiNAS0DNnZGMA/IxjA7e5MMmZ1dZmbVsOQTbPwVGwtFbC3t/Bsnj0ITD1w4nHMv997jx5wp7TjfVmZpeWV1Lbue29jc2t6xd/fqKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dwx9cjP3GHUjFInGjhzG0Q9ITrMso0Ubq2MceiWMZPWDvngWgGQ8g9UKi+5Tw9Go0KrjF0/KtOOnYeafoTIAXiTsjeTRDtWN/eUFEkxCEppwo1XKdWLdTIjWjHEY5L1EQEzogPWgZKkgIqp1OHhrhI6MEuBtJU0Ljifp7IiWhUsPQN53jW9W8Nxb/81qJ7p63UybiRIOg00XdhGMd4XE6OGASqOZDQwiVzNyKaZ9IQrXJMGdCcOdfXiT1UtF1iu51OV8pzeLIogN0iArIRWeogi5RFdUQRY/oGb2iN+vJerHerY9pa8aazeyjP7A+fwBNzZym</latexit><latexit sha1_base64="5JxSRYgvwlf+AEJWzKKHbySyp2w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMTdiNAS0DNnZGMA/IxjA7e5MMmZ1dZmbVsOQTbPwVGwtFbC3t/Bsnj0ITD1w4nHMv997jx5wp7TjfVmZpeWV1Lbue29jc2t6xd/fqKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dwx9cjP3GHUjFInGjhzG0Q9ITrMso0Ubq2MceiWMZPWDvngWgGQ8g9UKi+5Tw9Go0KrjF0/KtOOnYeafoTIAXiTsjeTRDtWN/eUFEkxCEppwo1XKdWLdTIjWjHEY5L1EQEzogPWgZKkgIqp1OHhrhI6MEuBtJU0Ljifp7IiWhUsPQN53jW9W8Nxb/81qJ7p63UybiRIOg00XdhGMd4XE6OGASqOZDQwiVzNyKaZ9IQrXJMGdCcOdfXiT1UtF1iu51OV8pzeLIogN0iArIRWeogi5RFdUQRY/oGb2iN+vJerHerY9pa8aazeyjP7A+fwBNzZym</latexit><latexit sha1_base64="5JxSRYgvwlf+AEJWzKKHbySyp2w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMTdiNAS0DNnZGMA/IxjA7e5MMmZ1dZmbVsOQTbPwVGwtFbC3t/Bsnj0ITD1w4nHMv997jx5wp7TjfVmZpeWV1Lbue29jc2t6xd/fqKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dwx9cjP3GHUjFInGjhzG0Q9ITrMso0Ubq2MceiWMZPWDvngWgGQ8g9UKi+5Tw9Go0KrjF0/KtOOnYeafoTIAXiTsjeTRDtWN/eUFEkxCEppwo1XKdWLdTIjWjHEY5L1EQEzogPWgZKkgIqp1OHhrhI6MEuBtJU0Ljifp7IiWhUsPQN53jW9W8Nxb/81qJ7p63UybiRIOg00XdhGMd4XE6OGASqOZDQwiVzNyKaZ9IQrXJMGdCcOdfXiT1UtF1iu51OV8pzeLIogN0iArIRWeogi5RFdUQRY/oGb2iN+vJerHerY9pa8aazeyjP7A+fwBNzZym</latexit><latexit sha1_base64="5JxSRYgvwlf+AEJWzKKHbySyp2w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMTdiNAS0DNnZGMA/IxjA7e5MMmZ1dZmbVsOQTbPwVGwtFbC3t/Bsnj0ITD1w4nHMv997jx5wp7TjfVmZpeWV1Lbue29jc2t6xd/fqKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dwx9cjP3GHUjFInGjhzG0Q9ITrMso0Ubq2MceiWMZPWDvngWgGQ8g9UKi+5Tw9Go0KrjF0/KtOOnYeafoTIAXiTsjeTRDtWN/eUFEkxCEppwo1XKdWLdTIjWjHEY5L1EQEzogPWgZKkgIqp1OHhrhI6MEuBtJU0Ljifp7IiWhUsPQN53jW9W8Nxb/81qJ7p63UybiRIOg00XdhGMd4XE6OGASqOZDQwiVzNyKaZ9IQrXJMGdCcOdfXiT1UtF1iu51OV8pzeLIogN0iArIRWeogi5RFdUQRY/oGb2iN+vJerHerY9pa8aazeyjP7A+fwBNzZym</latexit>

⇡ 1
1.34n

<latexit sha1_base64="O8oTdyifK3FxoQfgeYGrlVcNCDs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyFTC7osuHFZwT6giWUynbRDJ5MwMxFLCG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nuChDOlXffbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8H4aup37qlULBa3epJQP8JDwUJGsDZS3z7ycJLI+AF6OpSYZCjPkHNevxN53666jjsDXCaoIFVQoNm3v7xBTNKICk04VqqH3ET7GZaaEU7zipcqmmAyxkPaM1TgiCo/m72Qw1OjDGAYS1NCw5n6eyLDkVKTKDCdEdYjtehNxf+8XqrDSz9jIkk1FWS+KEw51DGc5gEHTFKi+cQQTCQzt0IywiYKbVKrmBDQ4svLpF1zkOugm3q1USviKINjcALOAAIXoAGuQRO0AAGP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+EW5bK</latexit><latexit sha1_base64="O8oTdyifK3FxoQfgeYGrlVcNCDs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyFTC7osuHFZwT6giWUynbRDJ5MwMxFLCG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nuChDOlXffbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8H4aup37qlULBa3epJQP8JDwUJGsDZS3z7ycJLI+AF6OpSYZCjPkHNevxN53666jjsDXCaoIFVQoNm3v7xBTNKICk04VqqH3ET7GZaaEU7zipcqmmAyxkPaM1TgiCo/m72Qw1OjDGAYS1NCw5n6eyLDkVKTKDCdEdYjtehNxf+8XqrDSz9jIkk1FWS+KEw51DGc5gEHTFKi+cQQTCQzt0IywiYKbVKrmBDQ4svLpF1zkOugm3q1USviKINjcALOAAIXoAGuQRO0AAGP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+EW5bK</latexit><latexit sha1_base64="O8oTdyifK3FxoQfgeYGrlVcNCDs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyFTC7osuHFZwT6giWUynbRDJ5MwMxFLCG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nuChDOlXffbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8H4aup37qlULBa3epJQP8JDwUJGsDZS3z7ycJLI+AF6OpSYZCjPkHNevxN53666jjsDXCaoIFVQoNm3v7xBTNKICk04VqqH3ET7GZaaEU7zipcqmmAyxkPaM1TgiCo/m72Qw1OjDGAYS1NCw5n6eyLDkVKTKDCdEdYjtehNxf+8XqrDSz9jIkk1FWS+KEw51DGc5gEHTFKi+cQQTCQzt0IywiYKbVKrmBDQ4svLpF1zkOugm3q1USviKINjcALOAAIXoAGuQRO0AAGP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+EW5bK</latexit><latexit sha1_base64="O8oTdyifK3FxoQfgeYGrlVcNCDs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyFTC7osuHFZwT6giWUynbRDJ5MwMxFLCG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nuChDOlXffbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8H4aup37qlULBa3epJQP8JDwUJGsDZS3z7ycJLI+AF6OpSYZCjPkHNevxN53666jjsDXCaoIFVQoNm3v7xBTNKICk04VqqH3ET7GZaaEU7zipcqmmAyxkPaM1TgiCo/m72Qw1OjDGAYS1NCw5n6eyLDkVKTKDCdEdYjtehNxf+8XqrDSz9jIkk1FWS+KEw51DGc5gEHTFKi+cQQTCQzt0IywiYKbVKrmBDQ4svLpF1zkOugm3q1USviKINjcALOAAIXoAGuQRO0AAGP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz+EW5bK</latexit>

) eO(
p
1.34n)!

<latexit sha1_base64="CwAzHoth1BTThJT8U02BDS0I5us=">AAACHHicbVDLSgNBEJz1bXxFPXoZDYJewm4S0KPgxZsPjAlkY5id7SSDs7PrTK8Slv0QL/6KFw+KePEg+DdOYg6+ChqKqm66u4JECoOu++FMTE5Nz8zOzRcWFpeWV4qraxcmTjWHOo9lrJsBMyCFgjoKlNBMNLAokNAIrg6HfuMGtBGxOsdBAu2I9ZToCs7QSp1i1T8TvT4yreNb6t+KEFDIEDI/YtjnTGbHeb7jm2uNmVeu1i5VvrvZKZbcsjsC/Uu8MSmRMU46xTc/jHkagUIumTEtz02wnTGNgkvIC35qIGH8ivWgZaliEZh2Nnoup9tWCWk31rYU0pH6fSJjkTGDKLCdw5vNb28o/ue1UuzutzOhkhRB8a9F3VRSjOkwKRoKDRzlwBLGtbC3Ut5nmnG0eRZsCN7vl/+Si0rZc8veaa10UBnHMUc2yBbZIR7ZIwfkiJyQOuHkjjyQJ/Ls3DuPzovz+tU64Yxn1skPOO+fKrKh7A==</latexit><latexit sha1_base64="CwAzHoth1BTThJT8U02BDS0I5us=">AAACHHicbVDLSgNBEJz1bXxFPXoZDYJewm4S0KPgxZsPjAlkY5id7SSDs7PrTK8Slv0QL/6KFw+KePEg+DdOYg6+ChqKqm66u4JECoOu++FMTE5Nz8zOzRcWFpeWV4qraxcmTjWHOo9lrJsBMyCFgjoKlNBMNLAokNAIrg6HfuMGtBGxOsdBAu2I9ZToCs7QSp1i1T8TvT4yreNb6t+KEFDIEDI/YtjnTGbHeb7jm2uNmVeu1i5VvrvZKZbcsjsC/Uu8MSmRMU46xTc/jHkagUIumTEtz02wnTGNgkvIC35qIGH8ivWgZaliEZh2Nnoup9tWCWk31rYU0pH6fSJjkTGDKLCdw5vNb28o/ue1UuzutzOhkhRB8a9F3VRSjOkwKRoKDRzlwBLGtbC3Ut5nmnG0eRZsCN7vl/+Si0rZc8veaa10UBnHMUc2yBbZIR7ZIwfkiJyQOuHkjjyQJ/Ls3DuPzovz+tU64Yxn1skPOO+fKrKh7A==</latexit><latexit sha1_base64="CwAzHoth1BTThJT8U02BDS0I5us=">AAACHHicbVDLSgNBEJz1bXxFPXoZDYJewm4S0KPgxZsPjAlkY5id7SSDs7PrTK8Slv0QL/6KFw+KePEg+DdOYg6+ChqKqm66u4JECoOu++FMTE5Nz8zOzRcWFpeWV4qraxcmTjWHOo9lrJsBMyCFgjoKlNBMNLAokNAIrg6HfuMGtBGxOsdBAu2I9ZToCs7QSp1i1T8TvT4yreNb6t+KEFDIEDI/YtjnTGbHeb7jm2uNmVeu1i5VvrvZKZbcsjsC/Uu8MSmRMU46xTc/jHkagUIumTEtz02wnTGNgkvIC35qIGH8ivWgZaliEZh2Nnoup9tWCWk31rYU0pH6fSJjkTGDKLCdw5vNb28o/ue1UuzutzOhkhRB8a9F3VRSjOkwKRoKDRzlwBLGtbC3Ut5nmnG0eRZsCN7vl/+Si0rZc8veaa10UBnHMUc2yBbZIR7ZIwfkiJyQOuHkjjyQJ/Ls3DuPzovz+tU64Yxn1skPOO+fKrKh7A==</latexit><latexit sha1_base64="CwAzHoth1BTThJT8U02BDS0I5us=">AAACHHicbVDLSgNBEJz1bXxFPXoZDYJewm4S0KPgxZsPjAlkY5id7SSDs7PrTK8Slv0QL/6KFw+KePEg+DdOYg6+ChqKqm66u4JECoOu++FMTE5Nz8zOzRcWFpeWV4qraxcmTjWHOo9lrJsBMyCFgjoKlNBMNLAokNAIrg6HfuMGtBGxOsdBAu2I9ZToCs7QSp1i1T8TvT4yreNb6t+KEFDIEDI/YtjnTGbHeb7jm2uNmVeu1i5VvrvZKZbcsjsC/Uu8MSmRMU46xTc/jHkagUIumTEtz02wnTGNgkvIC35qIGH8ivWgZaliEZh2Nnoup9tWCWk31rYU0pH6fSJjkTGDKLCdw5vNb28o/ue1UuzutzOhkhRB8a9F3VRSjOkwKRoKDRzlwBLGtbC3Ut5nmnG0eRZsCN7vl/+Si0rZc8veaa10UBnHMUc2yBbZIR7ZIwfkiJyQOuHkjjyQJ/Ls3DuPzovz+tU64Yxn1skPOO+fKrKh7A==</latexit>
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1p
2

⇣
|0i ± e⇡ix3/2 · e⇡ix2/4 · e⇡ix1/8|1i

⌘

<latexit sha1_base64="vNiiUG/GfiBhyMEqe/eYakQamu0="></latexit><latexit sha1_base64="vNiiUG/GfiBhyMEqe/eYakQamu0="></latexit><latexit sha1_base64="vNiiUG/GfiBhyMEqe/eYakQamu0="></latexit><latexit sha1_base64="vNiiUG/GfiBhyMEqe/eYakQamu0="></latexit>

QFT : |xi = |x4x3x2x1i !
1p
24

24�1X

k=0

e2⇡ikx/2
4

|ki

=
1p
24

(|0i+ e2⇡i0.x1 |1i) ⌦ (|0i+ e2⇡i0.x2x1 |1i)

⌦ (|0i+ e2⇡i0.x3x2x1 |1i) ⌦ (|0i+ e2⇡i0.x4x3x2x1 |1i)
<latexit sha1_base64="e1GlameOYSGKgnz//7WH675r2D4="></latexit><latexit sha1_base64="e1GlameOYSGKgnz//7WH675r2D4="></latexit><latexit sha1_base64="e1GlameOYSGKgnz//7WH675r2D4="></latexit><latexit sha1_base64="e1GlameOYSGKgnz//7WH675r2D4="></latexit>

Quantum Fourier Transform

=
x2

2
+

x1

4
<latexit sha1_base64="ZImhbaFZYdH+KnZwAyCrMExPdpA=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahIJSkFHQjFNy4rGAf0IYwmU7aoZMHMxOxhOzc+CtuXCji1l9w5984bSNo64ELZ865l7n3eDFnUlnWl1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446up37mjQrIovFWTmDoBHobMZwQrLbnm8WXfF5ik924tS2sZOkM/bztL65lrlq2qNQNaJnZOypCj6Zqf/UFEkoCGinAsZc+2YuWkWChGOM1K/UTSGJMxHtKepiEOqHTS2R0ZOtXKAPmR0BUqNFN/T6Q4kHISeLozwGokF72p+J/XS5R/4aQsjBNFQzL/yE84UhGahoIGTFCi+EQTTATTuyIywjoHpaMr6RDsxZOXSbtWta2qfVMvNyp5HEU4ghOogA3n0IBraEILCDzAE7zAq/FoPBtvxvu8tWDkM4fwB8bHNwOwmKw=</latexit><latexit sha1_base64="ZImhbaFZYdH+KnZwAyCrMExPdpA=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahIJSkFHQjFNy4rGAf0IYwmU7aoZMHMxOxhOzc+CtuXCji1l9w5984bSNo64ELZ865l7n3eDFnUlnWl1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446up37mjQrIovFWTmDoBHobMZwQrLbnm8WXfF5ik924tS2sZOkM/bztL65lrlq2qNQNaJnZOypCj6Zqf/UFEkoCGinAsZc+2YuWkWChGOM1K/UTSGJMxHtKepiEOqHTS2R0ZOtXKAPmR0BUqNFN/T6Q4kHISeLozwGokF72p+J/XS5R/4aQsjBNFQzL/yE84UhGahoIGTFCi+EQTTATTuyIywjoHpaMr6RDsxZOXSbtWta2qfVMvNyp5HEU4ghOogA3n0IBraEILCDzAE7zAq/FoPBtvxvu8tWDkM4fwB8bHNwOwmKw=</latexit><latexit sha1_base64="ZImhbaFZYdH+KnZwAyCrMExPdpA=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahIJSkFHQjFNy4rGAf0IYwmU7aoZMHMxOxhOzc+CtuXCji1l9w5984bSNo64ELZ865l7n3eDFnUlnWl1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446up37mjQrIovFWTmDoBHobMZwQrLbnm8WXfF5ik924tS2sZOkM/bztL65lrlq2qNQNaJnZOypCj6Zqf/UFEkoCGinAsZc+2YuWkWChGOM1K/UTSGJMxHtKepiEOqHTS2R0ZOtXKAPmR0BUqNFN/T6Q4kHISeLozwGokF72p+J/XS5R/4aQsjBNFQzL/yE84UhGahoIGTFCi+EQTTATTuyIywjoHpaMr6RDsxZOXSbtWta2qfVMvNyp5HEU4ghOogA3n0IBraEILCDzAE7zAq/FoPBtvxvu8tWDkM4fwB8bHNwOwmKw=</latexit><latexit sha1_base64="ZImhbaFZYdH+KnZwAyCrMExPdpA=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahIJSkFHQjFNy4rGAf0IYwmU7aoZMHMxOxhOzc+CtuXCji1l9w5984bSNo64ELZ865l7n3eDFnUlnWl1FYWV1b3yhulra2d3b3zP2DtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446up37mjQrIovFWTmDoBHobMZwQrLbnm8WXfF5ik924tS2sZOkM/bztL65lrlq2qNQNaJnZOypCj6Zqf/UFEkoCGinAsZc+2YuWkWChGOM1K/UTSGJMxHtKepiEOqHTS2R0ZOtXKAPmR0BUqNFN/T6Q4kHISeLozwGokF72p+J/XS5R/4aQsjBNFQzL/yE84UhGahoIGTFCi+EQTTATTuyIywjoHpaMr6RDsxZOXSbtWta2qfVMvNyp5HEU4ghOogA3n0IBraEILCDzAE7zAq/FoPBtvxvu8tWDkM4fwB8bHNwOwmKw=</latexit>

H
<latexit sha1_base64="ByXtLo0E3FuORE+ljVv3WzKfCTA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT+4XffUKleSwfzCxBP6JjyUPOqLFSqzEsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VTqtTyOIlzAJVyDB7dQhwY0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AmKmMvA==</latexit><latexit sha1_base64="ByXtLo0E3FuORE+ljVv3WzKfCTA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT+4XffUKleSwfzCxBP6JjyUPOqLFSqzEsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VTqtTyOIlzAJVyDB7dQhwY0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AmKmMvA==</latexit><latexit sha1_base64="ByXtLo0E3FuORE+ljVv3WzKfCTA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT+4XffUKleSwfzCxBP6JjyUPOqLFSqzEsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VTqtTyOIlzAJVyDB7dQhwY0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AmKmMvA==</latexit><latexit sha1_base64="ByXtLo0E3FuORE+ljVv3WzKfCTA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT+4XffUKleSwfzCxBP6JjyUPOqLFSqzEsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VTqtTyOIlzAJVyDB7dQhwY0oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AmKmMvA==</latexit>

S = Z1/2
<latexit sha1_base64="dJ1iq1xCwbkgnYOZyvh1wO0ILPM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK9oPbdeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuJKs0ieWfGMfUFHkgWMoKNle5vLx8eU++sMukVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvAEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZp+j/pMUWL42BJMFLO3IjLEChNjMyrYELzFl5dJs1L23LJ3Uy3VKlkceTiCYzgFD86hBtdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8ApLiPlg==</latexit><latexit sha1_base64="dJ1iq1xCwbkgnYOZyvh1wO0ILPM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK9oPbdeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuJKs0ieWfGMfUFHkgWMoKNle5vLx8eU++sMukVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvAEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZp+j/pMUWL42BJMFLO3IjLEChNjMyrYELzFl5dJs1L23LJ3Uy3VKlkceTiCYzgFD86hBtdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8ApLiPlg==</latexit><latexit sha1_base64="dJ1iq1xCwbkgnYOZyvh1wO0ILPM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK9oPbdeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuJKs0ieWfGMfUFHkgWMoKNle5vLx8eU++sMukVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvAEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZp+j/pMUWL42BJMFLO3IjLEChNjMyrYELzFl5dJs1L23LJ3Uy3VKlkceTiCYzgFD86hBtdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8ApLiPlg==</latexit><latexit sha1_base64="dJ1iq1xCwbkgnYOZyvh1wO0ILPM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK9oPbdeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuJKs0ieWfGMfUFHkgWMoKNle5vLx8eU++sMukVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvAEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsILP2UyTgyVZL4oTDgyEZp+j/pMUWL42BJMFLO3IjLEChNjMyrYELzFl5dJs1L23LJ3Uy3VKlkceTiCYzgFD86hBtdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8ApLiPlg==</latexit>

T = Z1/4
<latexit sha1_base64="KCLucZkN73R//jbRDZ2LWSsLpUg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK/RL27Vk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNINswkpr7AQ8lCRrCx0n3j+uEx9S6q036x5JbdOdAq8TJSggz1fvGrN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nB0/RmVUGKIyULWnQXP09kWKh9UQEtlNgM9LL3kz8z+smJrzyUybjxFBJFovChCMTodn3aMAUJYZPLMFEMXsrIiOsMDE2o4INwVt+eZW0KmXPLXt31VKtksWRhxM4hXPw4BJqcAt1aAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wepTo+Z</latexit><latexit sha1_base64="KCLucZkN73R//jbRDZ2LWSsLpUg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK/RL27Vk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNINswkpr7AQ8lCRrCx0n3j+uEx9S6q036x5JbdOdAq8TJSggz1fvGrN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nB0/RmVUGKIyULWnQXP09kWKh9UQEtlNgM9LL3kz8z+smJrzyUybjxFBJFovChCMTodn3aMAUJYZPLMFEMXsrIiOsMDE2o4INwVt+eZW0KmXPLXt31VKtksWRhxM4hXPw4BJqcAt1aAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wepTo+Z</latexit><latexit sha1_base64="KCLucZkN73R//jbRDZ2LWSsLpUg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK/RL27Vk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNINswkpr7AQ8lCRrCx0n3j+uEx9S6q036x5JbdOdAq8TJSggz1fvGrN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nB0/RmVUGKIyULWnQXP09kWKh9UQEtlNgM9LL3kz8z+smJrzyUybjxFBJFovChCMTodn3aMAUJYZPLMFEMXsrIiOsMDE2o4INwVt+eZW0KmXPLXt31VKtksWRhxM4hXPw4BJqcAt1aAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wepTo+Z</latexit><latexit sha1_base64="KCLucZkN73R//jbRDZ2LWSsLpUg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tBb0IBS8eK/RL27Vk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNINswkpr7AQ8lCRrCx0n3j+uEx9S6q036x5JbdOdAq8TJSggz1fvGrN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nB0/RmVUGKIyULWnQXP09kWKh9UQEtlNgM9LL3kz8z+smJrzyUybjxFBJFovChCMTodn3aMAUJYZPLMFEMXsrIiOsMDE2o4INwVt+eZW0KmXPLXt31VKtksWRhxM4hXPw4BJqcAt1aAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wepTo+Z</latexit>

Z1/8
<latexit sha1_base64="U0Zce8bRn9UczUf+uSNRW4gDYWw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU02KYI8FLx4r2FZsY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnG1zO/84RK81jemUmCfkSHkoecUWOlzsNj5l3Up/1yxa26c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTVj3My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiXtWtVzq97tZaVRy+Mowgmcwjl4cAUNuIEmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+FYo74</latexit><latexit sha1_base64="U0Zce8bRn9UczUf+uSNRW4gDYWw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU02KYI8FLx4r2FZsY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnG1zO/84RK81jemUmCfkSHkoecUWOlzsNj5l3Up/1yxa26c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTVj3My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiXtWtVzq97tZaVRy+Mowgmcwjl4cAUNuIEmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+FYo74</latexit><latexit sha1_base64="U0Zce8bRn9UczUf+uSNRW4gDYWw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU02KYI8FLx4r2FZsY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnG1zO/84RK81jemUmCfkSHkoecUWOlzsNj5l3Up/1yxa26c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTVj3My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiXtWtVzq97tZaVRy+Mowgmcwjl4cAUNuIEmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+FYo74</latexit><latexit sha1_base64="U0Zce8bRn9UczUf+uSNRW4gDYWw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU02KYI8FLx4r2FZsY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnG1zO/84RK81jemUmCfkSHkoecUWOlzsNj5l3Up/1yxa26c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTVj3My6T1KBki0VhKoiJyex3MuAKmRETSyhT3N5K2IgqyoxNqGRD8JZfXiXtWtVzq97tZaVRy+Mowgmcwjl4cAUNuIEmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+FYo74</latexit>
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QFT Circuits
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<latexit sha1_base64="eFiUIRziHjfwNHo1KHlAkXA4BkE="></latexit><latexit sha1_base64="eFiUIRziHjfwNHo1KHlAkXA4BkE="></latexit><latexit sha1_base64="eFiUIRziHjfwNHo1KHlAkXA4BkE="></latexit><latexit sha1_base64="eFiUIRziHjfwNHo1KHlAkXA4BkE="></latexit>

H

S
† H

T
†

S
† H

Z
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T
†

S
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<latexit sha1_base64="8UBe6gNitvQSE5zjcu05CkYxuQA="></latexit><latexit sha1_base64="8UBe6gNitvQSE5zjcu05CkYxuQA="></latexit><latexit sha1_base64="8UBe6gNitvQSE5zjcu05CkYxuQA="></latexit><latexit sha1_base64="8UBe6gNitvQSE5zjcu05CkYxuQA="></latexit>

QFT :
<latexit sha1_base64="UiNRPQMYcnxkqT+HhDEpNaeJkZw=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRwS4LgrhsoS/oDCWTZtrQTGZIMmIZ5lfcuFDErT/izr8x085CWw8EDufcm5wcP+ZMadv+tkpb2zu7e+X9ysHh0fFJ9bTWV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wSOVikWiqxcx9UI8FSxgBGsjjas1N8R6xnTaue9mbn6fEet2w14CbRKnIHUo0B5Xv9xJRJKQCk04Vmrk2LH2Uiw1I5xmFTdRNMZkjqd0ZKjAIVVeusyeoUujTFAQSXOERkv190aKQ6UWoW8m86Rq3cvF/7xRooOmlzIRJ5oKsnooSDjSEcqLQBMmKdF8YQgmkpmsiMywxESbuiqmBGf9y5ukf91w7IbTuam3mkUdZTiHC7gCB26hBQ/Qhh4QeIJneIU3K7NerHfrYzVasoqdM/gD6/MHUAOUkg==</latexit><latexit sha1_base64="UiNRPQMYcnxkqT+HhDEpNaeJkZw=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRwS4LgrhsoS/oDCWTZtrQTGZIMmIZ5lfcuFDErT/izr8x085CWw8EDufcm5wcP+ZMadv+tkpb2zu7e+X9ysHh0fFJ9bTWV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wSOVikWiqxcx9UI8FSxgBGsjjas1N8R6xnTaue9mbn6fEet2w14CbRKnIHUo0B5Xv9xJRJKQCk04Vmrk2LH2Uiw1I5xmFTdRNMZkjqd0ZKjAIVVeusyeoUujTFAQSXOERkv190aKQ6UWoW8m86Rq3cvF/7xRooOmlzIRJ5oKsnooSDjSEcqLQBMmKdF8YQgmkpmsiMywxESbuiqmBGf9y5ukf91w7IbTuam3mkUdZTiHC7gCB26hBQ/Qhh4QeIJneIU3K7NerHfrYzVasoqdM/gD6/MHUAOUkg==</latexit><latexit sha1_base64="UiNRPQMYcnxkqT+HhDEpNaeJkZw=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRwS4LgrhsoS/oDCWTZtrQTGZIMmIZ5lfcuFDErT/izr8x085CWw8EDufcm5wcP+ZMadv+tkpb2zu7e+X9ysHh0fFJ9bTWV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wSOVikWiqxcx9UI8FSxgBGsjjas1N8R6xnTaue9mbn6fEet2w14CbRKnIHUo0B5Xv9xJRJKQCk04Vmrk2LH2Uiw1I5xmFTdRNMZkjqd0ZKjAIVVeusyeoUujTFAQSXOERkv190aKQ6UWoW8m86Rq3cvF/7xRooOmlzIRJ5oKsnooSDjSEcqLQBMmKdF8YQgmkpmsiMywxESbuiqmBGf9y5ukf91w7IbTuam3mkUdZTiHC7gCB26hBQ/Qhh4QeIJneIU3K7NerHfrYzVasoqdM/gD6/MHUAOUkg==</latexit><latexit sha1_base64="UiNRPQMYcnxkqT+HhDEpNaeJkZw=">AAAB+3icbVDLSgMxFL1TX7W+al26CRbBVZkRwS4LgrhsoS/oDCWTZtrQTGZIMmIZ5lfcuFDErT/izr8x085CWw8EDufcm5wcP+ZMadv+tkpb2zu7e+X9ysHh0fFJ9bTWV1EiCe2RiEdy6GNFORO0p5nmdBhLikOf04E/v8v9wSOVikWiqxcx9UI8FSxgBGsjjas1N8R6xnTaue9mbn6fEet2w14CbRKnIHUo0B5Xv9xJRJKQCk04Vmrk2LH2Uiw1I5xmFTdRNMZkjqd0ZKjAIVVeusyeoUujTFAQSXOERkv190aKQ6UWoW8m86Rq3cvF/7xRooOmlzIRJ5oKsnooSDjSEcqLQBMmKdF8YQgmkpmsiMywxESbuiqmBGf9y5ukf91w7IbTuam3mkUdZTiHC7gCB26hBQ/Qhh4QeIJneIU3K7NerHfrYzVasoqdM/gD6/MHUAOUkg==</latexit>

QFT † :
<latexit sha1_base64="qEiLGyv3g+I5adfWhvT1CLxBZ9k=">AAACBXicbVDLSsNAFJ3UV62vqktdDBbBVUlEsMuCIC5b6AuaWCaTm3bo5MHMRCghGzf+ihsXirj1H9z5N07aLLT1wMDhnHvv3HvcmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBoUsjHomBSyRwFkJXMcVhEAsggcuh705vcr//AEKyKOyoWQxOQMYh8xklSkuj6qkdEDVhKm3fdrL71PbIeAwis/PJ2q6ZdXMOvEqsgtRQgdao+mV7EU0CCBXlRMqhZcbKSYlQjHLIKnYiISZ0SsYw1DQkAUgnnV+R4XOteNiPhH6hwnP1d0dKAilngasr853lspeL/3nDRPkNJ2VhnCgI6eIjP+FYRTiPBHtMAFV8pgmhguldMZ0QQajSwVV0CNbyyaukd1m3zLrVvqo1G0UcZXSCztAFstA1aqI71EJdRNEjekav6M14Ml6Md+NjUVoyip5j9AfG5w9ZD5kS</latexit><latexit sha1_base64="qEiLGyv3g+I5adfWhvT1CLxBZ9k=">AAACBXicbVDLSsNAFJ3UV62vqktdDBbBVUlEsMuCIC5b6AuaWCaTm3bo5MHMRCghGzf+ihsXirj1H9z5N07aLLT1wMDhnHvv3HvcmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBoUsjHomBSyRwFkJXMcVhEAsggcuh705vcr//AEKyKOyoWQxOQMYh8xklSkuj6qkdEDVhKm3fdrL71PbIeAwis/PJ2q6ZdXMOvEqsgtRQgdao+mV7EU0CCBXlRMqhZcbKSYlQjHLIKnYiISZ0SsYw1DQkAUgnnV+R4XOteNiPhH6hwnP1d0dKAilngasr853lspeL/3nDRPkNJ2VhnCgI6eIjP+FYRTiPBHtMAFV8pgmhguldMZ0QQajSwVV0CNbyyaukd1m3zLrVvqo1G0UcZXSCztAFstA1aqI71EJdRNEjekav6M14Ml6Md+NjUVoyip5j9AfG5w9ZD5kS</latexit><latexit sha1_base64="qEiLGyv3g+I5adfWhvT1CLxBZ9k=">AAACBXicbVDLSsNAFJ3UV62vqktdDBbBVUlEsMuCIC5b6AuaWCaTm3bo5MHMRCghGzf+ihsXirj1H9z5N07aLLT1wMDhnHvv3HvcmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBoUsjHomBSyRwFkJXMcVhEAsggcuh705vcr//AEKyKOyoWQxOQMYh8xklSkuj6qkdEDVhKm3fdrL71PbIeAwis/PJ2q6ZdXMOvEqsgtRQgdao+mV7EU0CCBXlRMqhZcbKSYlQjHLIKnYiISZ0SsYw1DQkAUgnnV+R4XOteNiPhH6hwnP1d0dKAilngasr853lspeL/3nDRPkNJ2VhnCgI6eIjP+FYRTiPBHtMAFV8pgmhguldMZ0QQajSwVV0CNbyyaukd1m3zLrVvqo1G0UcZXSCztAFstA1aqI71EJdRNEjekav6M14Ml6Md+NjUVoyip5j9AfG5w9ZD5kS</latexit><latexit sha1_base64="qEiLGyv3g+I5adfWhvT1CLxBZ9k=">AAACBXicbVDLSsNAFJ3UV62vqktdDBbBVUlEsMuCIC5b6AuaWCaTm3bo5MHMRCghGzf+ihsXirj1H9z5N07aLLT1wMDhnHvv3HvcmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBoUsjHomBSyRwFkJXMcVhEAsggcuh705vcr//AEKyKOyoWQxOQMYh8xklSkuj6qkdEDVhKm3fdrL71PbIeAwis/PJ2q6ZdXMOvEqsgtRQgdao+mV7EU0CCBXlRMqhZcbKSYlQjHLIKnYiISZ0SsYw1DQkAUgnnV+R4XOteNiPhH6hwnP1d0dKAilngasr853lspeL/3nDRPkNJ2VhnCgI6eIjP+FYRTiPBHtMAFV8pgmhguldMZ0QQajSwVV0CNbyyaukd1m3zLrVvqo1G0UcZXSCztAFstA1aqI71EJdRNEjekav6M14Ml6Md+NjUVoyip5j9AfG5w9ZD5kS</latexit>

Quantum Speedup: Exponential
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U |ui = e2⇡i�|ui = e2⇡i 0.�n�n�1...�2�1 |ui
<latexit sha1_base64="IuDkr5+Ld1yQ+EMa2i5C4r/bBhk="></latexit><latexit sha1_base64="IuDkr5+Ld1yQ+EMa2i5C4r/bBhk="></latexit><latexit sha1_base64="IuDkr5+Ld1yQ+EMa2i5C4r/bBhk="></latexit><latexit sha1_base64="IuDkr5+Ld1yQ+EMa2i5C4r/bBhk="></latexit>

Quantum Phase Estimation
Finding the phase of a Unitary and its Eigenstate

For a Unitary and an Eigenstate we always have:U
<latexit sha1_base64="i+1/OIqJ7WOlfZ3Tw4+VUkqns5I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48tmFZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMfRZIhL1EFKNgkv0DTcCH1KFNA4FdsPJ7dzvPqHSPJH3ZppiENOR5BFn1Fip7Q+qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXh87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuZfkyFXyIyYWkKZ4vZWwsZUUWZsNhUbgrf68jrpXNU9t+61G7Vmo4ijDGdwDpfgwTU04Q5a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+s94zL</latexit><latexit sha1_base64="i+1/OIqJ7WOlfZ3Tw4+VUkqns5I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48tmFZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMfRZIhL1EFKNgkv0DTcCH1KFNA4FdsPJ7dzvPqHSPJH3ZppiENOR5BFn1Fip7Q+qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXh87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuZfkyFXyIyYWkKZ4vZWwsZUUWZsNhUbgrf68jrpXNU9t+61G7Vmo4ijDGdwDpfgwTU04Q5a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+s94zL</latexit><latexit sha1_base64="i+1/OIqJ7WOlfZ3Tw4+VUkqns5I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48tmFZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMfRZIhL1EFKNgkv0DTcCH1KFNA4FdsPJ7dzvPqHSPJH3ZppiENOR5BFn1Fip7Q+qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXh87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuZfkyFXyIyYWkKZ4vZWwsZUUWZsNhUbgrf68jrpXNU9t+61G7Vmo4ijDGdwDpfgwTU04Q5a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+s94zL</latexit><latexit sha1_base64="i+1/OIqJ7WOlfZ3Tw4+VUkqns5I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48tmFZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMfRZIhL1EFKNgkv0DTcCH1KFNA4FdsPJ7dzvPqHSPJH3ZppiENOR5BFn1Fip7Q+qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXh87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuZfkyFXyIyYWkKZ4vZWwsZUUWZsNhUbgrf68jrpXNU9t+61G7Vmo4ijDGdwDpfgwTU04Q5a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx+s94zL</latexit>

|ui
<latexit sha1_base64="rkVakOP5hpCCIIuwF4CLt5ha6oI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzKwQYr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtR9SGJ+rejlMMJR0oHnNGrZMenrKupmogsFeu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3Wald5nEU4QRO4RwCuIIa3EIdGsBAwjO8wpunvRfv3ftYtBa8fOYY/sD7/AEbeZCM</latexit><latexit sha1_base64="rkVakOP5hpCCIIuwF4CLt5ha6oI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzKwQYr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtR9SGJ+rejlMMJR0oHnNGrZMenrKupmogsFeu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3Wald5nEU4QRO4RwCuIIa3EIdGsBAwjO8wpunvRfv3ftYtBa8fOYY/sD7/AEbeZCM</latexit><latexit sha1_base64="rkVakOP5hpCCIIuwF4CLt5ha6oI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzKwQYr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtR9SGJ+rejlMMJR0oHnNGrZMenrKupmogsFeu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3Wald5nEU4QRO4RwCuIIa3EIdGsBAwjO8wpunvRfv3ftYtBa8fOYY/sD7/AEbeZCM</latexit><latexit sha1_base64="rkVakOP5hpCCIIuwF4CLt5ha6oI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzKwQYr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6mfmtR9SGJ+rejlMMJR0oHnNGrZMenrKupmogsFeu+FV/DrJKgpxUIEe9V/7q9hOWSVSWCWpMJ/BTG06otpwJnJa6mcGUshEdYMdRRSWacDI/eErOnNIncaJdKUvm6u+JCZXGjGXkOiW1Q7PszcT/vE5m4+twwlWaWVRssSjOBLEJmX1P+lwjs2LsCGWau1sJG1JNmXUZlVwIwfLLq6R5UQ38anB3Wald5nEU4QRO4RwCuIIa3EIdGsBAwjO8wpunvRfv3ftYtBa8fOYY/sD7/AEbeZCM</latexit>

Phase
� 2 [0, 1)

<latexit sha1_base64="zF/0u5LwHcW+FOv/eXzjaZYKhr4=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIoSNkUQY8FLx4r2A9IYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2+/cnDY1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44upn6nUemNE/kvRmnLIjJQPKIU2Ks9OCnQ458LpGHL9zzXqWKa3gGtEzcglShQLNX+fL7Cc1iJg0VRGvPxakJcqIMp4JNyn6mWUroiAyYZ6kkMdNBPrt6gk6t0kdRomxJg2bq74mcxFqP49B2xsQM9aI3Ff/zvMxE10HOZZoZJul8UZQJZBI0jQD1uWLUiLElhCpub0V0SBShxgZVtiG4iy8vk3a95uKae3dZbdSLOEpwDCdwBi5cQQNuoQktoKDgGV7hzXlyXpx352PeuuIUM0fwB87nD21LkRc=</latexit><latexit sha1_base64="zF/0u5LwHcW+FOv/eXzjaZYKhr4=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIoSNkUQY8FLx4r2A9IYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2+/cnDY1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44upn6nUemNE/kvRmnLIjJQPKIU2Ks9OCnQ458LpGHL9zzXqWKa3gGtEzcglShQLNX+fL7Cc1iJg0VRGvPxakJcqIMp4JNyn6mWUroiAyYZ6kkMdNBPrt6gk6t0kdRomxJg2bq74mcxFqP49B2xsQM9aI3Ff/zvMxE10HOZZoZJul8UZQJZBI0jQD1uWLUiLElhCpub0V0SBShxgZVtiG4iy8vk3a95uKae3dZbdSLOEpwDCdwBi5cQQNuoQktoKDgGV7hzXlyXpx352PeuuIUM0fwB87nD21LkRc=</latexit><latexit sha1_base64="zF/0u5LwHcW+FOv/eXzjaZYKhr4=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIoSNkUQY8FLx4r2A9IYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2+/cnDY1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44upn6nUemNE/kvRmnLIjJQPKIU2Ks9OCnQ458LpGHL9zzXqWKa3gGtEzcglShQLNX+fL7Cc1iJg0VRGvPxakJcqIMp4JNyn6mWUroiAyYZ6kkMdNBPrt6gk6t0kdRomxJg2bq74mcxFqP49B2xsQM9aI3Ff/zvMxE10HOZZoZJul8UZQJZBI0jQD1uWLUiLElhCpub0V0SBShxgZVtiG4iy8vk3a95uKae3dZbdSLOEpwDCdwBi5cQQNuoQktoKDgGV7hzXlyXpx352PeuuIUM0fwB87nD21LkRc=</latexit><latexit sha1_base64="zF/0u5LwHcW+FOv/eXzjaZYKhr4=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIoSNkUQY8FLx4r2A9IYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MBVcG4y/nZXVtfWNzdJWeXtnd2+/cnDY1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44upn6nUemNE/kvRmnLIjJQPKIU2Ks9OCnQ458LpGHL9zzXqWKa3gGtEzcglShQLNX+fL7Cc1iJg0VRGvPxakJcqIMp4JNyn6mWUroiAyYZ6kkMdNBPrt6gk6t0kdRomxJg2bq74mcxFqP49B2xsQM9aI3Ff/zvMxE10HOZZoZJul8UZQJZBI0jQD1uWLUiLElhCpub0V0SBShxgZVtiG4iy8vk3a95uKae3dZbdSLOEpwDCdwBi5cQQNuoQktoKDgGV7hzXlyXpx352PeuuIUM0fwB87nD21LkRc=</latexit>

Note that: Terms from QFT!

If only one could kick back the phases into an (ancilla) register 
and do inverse Quantum Fourier Transform on it… 

U2|ui = e2⇡i�n.�n�1...�2�1 |ui = e2⇡i 0.�n�1...�2�1 |ui
. . .

U2n�1

|ui = e2⇡i�n�n�1...�2.�1 |ui = e2⇡i 0.�1 |ui
<latexit sha1_base64="rPBH6caZIk5kxTAKfjeM3dUqVK8="></latexit><latexit sha1_base64="rPBH6caZIk5kxTAKfjeM3dUqVK8="></latexit><latexit sha1_base64="rPBH6caZIk5kxTAKfjeM3dUqVK8="></latexit><latexit sha1_base64="rPBH6caZIk5kxTAKfjeM3dUqVK8="></latexit>
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<latexit sha1_base64="JnpSpyzoxG0nQGbA3NT+p3/j7j4="></latexit><latexit sha1_base64="JnpSpyzoxG0nQGbA3NT+p3/j7j4="></latexit><latexit sha1_base64="JnpSpyzoxG0nQGbA3NT+p3/j7j4="></latexit><latexit sha1_base64="JnpSpyzoxG0nQGbA3NT+p3/j7j4="></latexit>




